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Plaintiff's Exhibit 
Exhibit No. Description of Document Binder Page 
5A Diagram of Perma Unit E-1l 
8 Patent #2,881,879 E-3 


Accelerator Brake Control, dated 
April 14, 195° 


9 Patent #3,325,226 E-18 
Braking System and Anti-Skid Means 
Therefor, dated June 13, 1967 


10 Patent #3,330,113 E-36 
Power Brakes, dated July 11, 1967 


11 Patent #3,383,482 E-53 
Switch Devices, dated May 14, 1968 


i Patent #3,459,204 E-69 
Anti-Skid Device Valves, dated Aug. 5, 
1969 

13 Patent #3,477,765 E-85 


Acceleration Responsive Devices for 
Anti-Skid Units, dated Nov. ll, 1969 


14 Letter to Frank Perrino from Keith E-101 
Heffer, Sales Manager, The Singer 
Company of Canada, Ltd., dated Jan. ai. 
1964 


15 Letter to Robert Klcby from Frank E-102 
Perrino, dated Jan. 24, 1964 


17 Letter to Frank Perrino from Robert E-103 
Kloby, dated Feb. 19, 1964 


is Singer-Elizabeth Division Manufactur- E-105 
ing Services Quality Control Brochure 


18A Complete Brochure Described in Plaintiff's E-107 
Exhibit 18 
19 Motor Vehicle Research Report No. 13, E-135 


Published at Lee, New Hampshire, 1964 


20 Ads, Brochures, Article Reprints of E-152 
the Perma Anti-Skid Device 


21 Cadillac Engineering -- 1963-1964, E-164 
Perma Anti-Skid Tests 


22 Report of C. R. Fricke of Singer on E-165 
Meeting Held March 13, 1964 Concerning 
Perma's Anti-Skid Control 


23 Sepias of Components of Perma Anti- E-168 
Skid Unit 
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24 Anti-Skid Device: Test Specifications E-323 


for Pressure Switch Equipment by 
J. Wagner, dated May 22, 1964 


25A Memorandum to R. Kloby from R. Patten E-326 
Re: Perma Research and Research Develop- 
ment Company Market and Forecast, dated 
May 27, 1964 


27 Agreement Between Perma Research and E-339 
Development Company and Jandro 
Equipment Co. of Minneapolis, Minn., 
dated March 7, 1964 


28 Manufacturer's Agent Agreement Between E-336 
Thomas H. Coulter of Des Moines, Polk 
County, Iowa and Perma Research and 
Development Company, with Price List 
for Tom Coulter Representative Agreement 
Attached, dated Sept. 4, 1964 


29 Agreement Between Perma Research an% E-340 
Development Company and Clarelen Importers, 
Ltd., dated June 10, 1963 


30A Agreement Between Perma Research and E-345 
Development Company and Monitor 
Enterprises, Inc., dated Aug. 4, 1964 


30B Agreement Between Perma Research and E-353 
Development Company and E. B. Wrivht, 
Jr. of Wright Bros. Greenhouses, dated 
July 24, 1964 


31 Agreement Between Perma Research and E~-360 
Development Company and Richard H. 
Travers and John W. Travers of Quincy, 
Mass., dated Feb. 12, 1964 


32 Agreement Between Perma Research and E-366 
Development Company and Angelo Di Spirito, 
Jr. and Christie Vitolo 


34 Agreement Between The Singer Company of E-372 
Canada,Ltd. and O-Matic Auto Products, 
Ltd., dated Jan. 1, 1965 


Jo Contract Between Perma Research and E-378 
Development Company and The Singer Company, 
dated June 18, 1964 ; 


38A Group Memoranda Entitled: (a) Meeting E-402 
Between Perma and Singer Personnel, dated 
Sept. 2, 1964 (b) Meeting Between Perma, 
American Optical and Singer Personnel, 
dated Sept. 3, 1964 (c) Meeting Between 
Perma, Singer and American Optical Personnel, 
dated Sept. 8, 1964 With Results of Test 
(Sept. 8, 1964) 


39 Letter from A. Romel to J. Fecko: “Status E-417 
Report-~Perma Anti-Skid Device", dated 
Sept. 17, 1964 


47 Minutes of Meeting of Sept. 24, 1964--Sub- E~=-420 
ject: Perma Anti-Skid Unit 


ii 


E-447 “eal 


Plaintiff's Exhibit 
Exhibit No. Description of Document Binder Page 
| 
49 Memorandum to C. W. Broeker from A. E-425 


Romel--Subject: Status Report "Perma", 
dated Sept. 28, 1964 


53 Memorandum to J. Fecko from A. Romel E-431 
Re: “Perma Sensing Units", dated Dec. 
4, 1964 


54 Memorandum Re: Discussion Between E-432 
Perma & Singer Personnel, dated July 
17, 1964 


57 Letter to R. Kloby from Wili:*am Hill E-435 
Co. with Preliminary Market 5.rvey Perma 
Anti-Skid Control, dated De. 14, 1964 
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59 Memorandum to D. P. Kircher from L. E. E-454 
Hough, dated Dec. ll, 1964 


60A Agreement Between Perma Research and E-462 
Development Company and The Singer Company, 
dated Dec. 21, 1964 


62 Letter to S. J. Murphy from P. Phelps, E-512 
dated Jan. 7, 1965 


63 Letter to P. Phelps from Carl W. Broeker, E-515 
dated Feb. 17, 1965 


64 Agreement Between Monitor Enterprises, E-517 
Inc. and The Singer Company, dated 
Jan. 18, 1965 


65A Letter to Frank Perrino from A. Romel, E-531 
dated Dec. 23, 1964 ee 


77 Memorandum to E. A. Sprague from A. E-536 
Romel Re: Original Sketches of Transfer 
Valve and Attachments 


79 Letter to Marshall. Breen from E. A. E-540 
Sprague, dated June 16, 1965 


82 Letter to C. G. Morehouse from R. R. E-541 
Patten, dated July 7, 1965 


88A Memorandum to A. di Scipio from B. C. E-543 
Person Re: Suspension of Marketing and 
Withdrawal of Units from Field - PERMA 
Anti-Skid Control, and Exhibits, dated 
Aug. 10, 1965 


89 Memorandum to B. C. Person from David 
McKearnan, dated Aug. 16, 1965 E-553 
90A Memorandum to D. P. Kircher from D. D. E-557 


Marsden Enclosing Perma Anti-Skid Status 
Report and Recommendations, dated Aug. 
30, 1965 
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Description of Document 


Letter from B. C. Person to Frank 
Perrino, dated Sept. 9, 1965 


Portion of Report Letter to B. C. 
Person from C. W. Broeker with 
Report Attached, dated Sept. 1, 1965 


Schematic Showing Modifications for "Fail 
Safe" and Higher Brake Pressures; 
Schematics Nos. 2 and 3 


Memorandum to A. di Scipio from B. C. 
Person - “Recommended Course of Action 
for Perma Anti-Skid Control Program", 
dated Nov. 9, 1965 


Memorandum to B. C. Person from Alfred 
di Scipio Re: Recommended Course of 
Action for Perma Anti-Skid Program, 
dated Nov. ll, 1965 


Letter from B. C. Person to Frank 
Perrino, dated Nov. 22, 1965 


Letter to R. D. Mainelli from B. C. 
Person, dated Dec. 23, 1965 


Singer Report dated June, 1965: 
Perma Anti-Skid Device Investment 
and Commitments as of June, 1965 


Letter to B. C. Person from C. R. 
Odermann, dated Nov. 8, 1965, enclosing 
Denville Special Report #62 “A Technical 
Evaluation of the Perma Anti-Skid Control 
Based on Present Design” by John A. 
Lundin 


Memorandum to D. D. Marsden from R. S. 
Torello, dated Dec. 21, 1964 


SAE Booklet “Evolution of Sure-Track 
Brake System" 


Portion of Plaintiff's Pre-Trial 


Memorandum, Perma Research & Development 
Co. v. The Singer Co. and Addi tionel 
Reasons Rentorine the Perma Anti-Skid 
Device Unmarketable, dated Oct. 6, 1972 


Simulation of Perma Anti-Skid Device 
(24:1) 


Simulation of Perma Anti-Skid Device 
(12:1) 


Simulation of Perma Anti-Skid Device 
(18:1) 


Computer Simulation of Perma Anti-Skid 
Device, Gear Ratio 24:1 


Computer Simulation of Perma Anti-Skid 
Device, Gear Ratio 12:1 


iv 


Exhibit 
Binder Page 
E-568 


E-570 


E-573 


E-576 


E-585 
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E-5£7 
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E-589 
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E-609 


E-628 


E-636 
E-637 
E-638 
E-639 


E-645 
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3 stops) 
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133A 
134 
135 


136 


140 
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150 


154 
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(Chapter 5) 
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Description of Document Binder Page 
Computer Simulation of Perma Anti- E-651 
Skid Device, Gear Ratio 18:1 
Anti-Sk.d Control: General Descrip- E-657 
tion of Major Assemblies, dated May 
7, 1965 
Anti-Skid Control: General Description E-673 
of Major Assemblies, dated May 7, 1965 
Vehicle Equations of Motions by A. E-689 
DeVilliers 
Numerical Constants Used In Vehicle E-691 
Simulation 
PX 133 with Additional Column of E-692 
Letters 
Equation of Perma Device, A. DeVilliers' E-693 
Model 
Numerical Constants in the Simulation E-697 
of the Perma Anti-Skid Device 
SAE Paper Entitled “Tire-Road Friction E-65$9 


Measuring System - A Second Generation" 
by G. Goodenow, T. Kolhoff, F. Smithson 


Statistical Abstract of the United States: E-708 
Motor Vehicles 1972 


Diagram of Cam Gear E-713 
Road Surfaces Denoted by 60 MPH Sliding E-714 
Coefficient of Friction 

Annual Report, 1965, The Singer Company E-718 
The Singer Company: Experimental and E-745 


Test Data Sheet, dated Nov. 30, 1964 


Application for Patent #322,716 Entitled E-746 
"Braking System and Anti-Skid Means There- 
for", filed Nov. 12, 1963 


Ford Sure-Track Manual E-819 
Chrysler Service Manual, 1972 E-820 
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156 
(Chapter 5) 


160 


Cadillac Service Manual, 1973 E-905 


Plot of A. DeVilliers' Computer Simula- E-982 
lation at 60 MPH, .75 mu, 12:1 gear 
ratio 
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161 Plot of A. DeVilliers' Computer Simu- 


lation at 40 MPH, .75 mu, 12:1 Gear 
Ratio 


163 1969 New Model Training: Brake Systems 
Workbook 


II. Defendant's Exhibits Received In Evidence 


Defendant's 
Exhibit No. 


Z Soundtrack of Perma Promotional Film 
(Transcribed Nov. 14, 1973) 


8 Three-part Cardboard Display Entitled 
"Perma Anti-Skid Control" 


10 History of the Perma Research and 
Development Company, 1952-1962 


11 Letter from G. J. Salustro of Ford 
Motor Company to G. Lee Dienes of 
Perma’ Research and Development Company, 
dated June 15, 1964 


12 1964 Ford Test Results 


20 Letter from L. H. Nagler of American > 


Motors Corporation to Roger Levesque, 
dated June 26, 1964 


25 Special Report No. 2, Confidential 


36 Two Field Reports: 1) From Roger 
Levesque and Tom Perrino to F. A. 
Perrino, R. D. Mainelli and J. 
Krawczyk. Installation of Steel Drive 
Gears in Connecticut State Police 
Cruisers. Westport Barracks and 
Bethany Barracks. 2) From Tom Perrino 
to F. Perrino, R. Mainelli, J. Krawczyk 
and L. Dienes. Connecticut State 
Police - Westport Barracks, c/o Safety 
Service Corp. Replacement of Plastic 
Speedometer Gear with Steel Replace- 
ment Gear, dated July, 1964 


as Report from Roger Levesque to FP. A. 
Perrino, R. D. Mainelli, J. Krawczyk, 
L. Dienes and S. Karp, dated Aug. 27, 
1964 


53 Affidavit of Frank A. Perrino, dated 
Nov. 18, 1969 


102 Letter from J. Gomes to R. A. Kloby, 
dated July 23, 1964 


111 Memorandum from A. Romel to C. W. 
Broeker re: "Gear Boxes" for Perma Anti- 
Skid Units, dated Oct. 26, 1964 


114 Memorandum from A. Romel to C. W. 
Broeker re: Summary of Gear Box Test 
Results, dated Nov. 16, 1964 
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Exhibit 
Binder Page 


E-985 


E-9390 


E-1017 
E-1027 
E-1030 


E-1039A 


E-1040 


E-1042 


E-1044 
E-1046 


E-1050 


E-1051 
E~-1067 


E-1068 


E-1073 
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Exhibit No. 


115 


118 


191 


195 


(pages 1-4) 


197 


233 


234 


236 


242 


313 


323 


336 


380 


409 


Description of Document 


Memorandum from A. Rumel to C. W. 
Broeker re: Summary of Gear Box Test 
Results, dated Nov. 24, 1964 


Memorandum from A. Romel to C. W. 
Broeker re: Summary of Gear Box Life 
Test Results, dated Dec. 3, 1964 


Letter from Cecil S. Morris to S. J. 
Murphy re: Attached Report Outlining 
Singer's Position Under Manufacturing 
Licensing Agreement with Perma Research 
and Development Company, dated Oct. 21, 
1964 


Letter from S. Karp to Robert Patten 
of The Singer Company re: Estimated 
Budget Projection, dated Nov. 30, 
1964 


Letter from S. Karp to Ed Wright of 
Car Controls, Inc. Instructing Him 
to Withhold Perma Anti-Skid from the 
Market, dated Dec. 11, 1964 


Memorandum from A. Romel to C. W. 
Broeker re: Summary of Gear Box Life 
Test Results, dated Dec. 23, 1964 


Memorandum from A. Romel to C. W. 
Broeker re: Endurance Testing of 
Sensing Unit, dated Dec. 28,.1964 


Memorandum from A. Romel to C. W. 
Broeker re: Summary of Endurance 
Tests on the Sensing Unit, dated 
Feb. 1, 1965 


Memorandum from A. Romel to C. W. 
Broeker re: Summary of Endurance 
Tests on the Sensing Unit, dated 
Feb. 10, 1965 


Memorandum from H. Hnojowy to R. A. 
Kloby re: Testing of the Pressed 
Metal Filters, dated July 12, 1965 


Report from P. Urban to A. Romel 
Entitled, "Effect of Low Temperature 
on .030/.032"Diameter Metering Valve," 
dated Dec. 1, 1965 


Letter from A. Romel to B. C. Person 
re: The Ford Motor Company Trip, 
dated March 15, 1966 


Letter from S. Karp to R. R. Patten 
re: Need to Replace Units Installed 
on Consumers', Stockholders’ and 
Dealers’ Cars, dated Dec. 28, 1964 


Document Entitled “Perma Research and 
Development Co." 


vii 


Exhibit 
Binder Page 


E-1076 


E-1080 


E-1083 


E-1093 


' E-1098 


E-1099 


E-1102 


E-1103 


E-1105 


E-1107 


E-1109 


E-1153 


E-1155 


E-1156 


Defendant's 
Exhibit No. 


417 


479 


487 


502 


529A 


530 


577 
(excluding 
appendices) 


595 


603 


618 


653 
(Cover, p.7 
"Advanced 
Control 
Concepts" 
thru p.1l to 
“Adaptive 
Steering") 


655 


Description of Document 


Memorandum from R. A. Kloby to C. W. 
Broeker re: Letter Dated Jan. 7, 1965 
from P. Phelps to S. J. Murphy 


Organization Announcement from D. P. 
Kircher, President of Singer, Announc~ 
ing the Establishment of a New Operat- 
ing Division to Bring Together Most of 
the U.S. Units Primarily Concerned with 
Consumer Products, dated June 25, 1965 


Memorandum from B. C. Person to A. di 
Scipio re: Attached Study Plan for the 
Anti-Skid Control Prepared for the Use 
of the Study Team, dated July 26, 1965 


Letter from R. A. Wolf, Head, Transporta~ 
tion Research Dept. of Cornell Aero- 
nautical Laboratory, Inc., to B. C. 
Person re: Suggestion for a Three~phase 
Pr-jram of Research, dated Sept. 1, 1965 


Letter from R. A. Kloby to B. C. Person 
re: Attached Engineering Evaluation of 
the Latest Modifications Submitted by 
Perma to Provide a “Fail-Sate" Feature 
in the Anti-Skid Control Unit, dated 
Nov. 16, 1965 


"Pail-Safe Analysis of Piston and Check 
Valve Modification", dated Nov. 10, 1965 


Memorandum from the Perma Anti-Skid 
Control Task Force to A. di Scipio re: 
Recommended Course of Action for the 
Perma Anti-Skid Control Program, dated 
Nov. 18, 1965 


Booklet Entitled “Technical Status 
Report - Perma Anti-Skid Device", 
dated July 22, 1965 


Investment and Expenditures for Perma 
Anti-Skid Device 


Letter from R. A. Kloby to B. C. Person 
re: Perma Program Inventory Attachments, 
datca Oct. 20, 1965 


Cancelled Singer Check in the Amount of 
$85,000.00 to the Order of Monitor 
Enterprises, Inc., dated Sept. 1, 1965 


SAE Document #690260, “Technological 
Development Directing the Path to Fully 
Automatic Vehicle Control Systems", by 
S. I. MacDuff, J. G. Rivard, E. J. Mc~ 
Glinn 


SAE Document #710248, “The Chrysler 
‘Sure-Brake' ~ The First Four-Wheel 
Anti-Skid System", J. W. Douglas, 
~,. C. Schafer 
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Binder Page 


E-1166 


E-1170 


E-1173 


E-1178 


E-1180 


E-1195 


E-1196 


E-1202 


E-1227 


E-1228 


E-1230 


E-1231 


E-1237 


Defendant's Exhibit 
Exhibit No. Description of Document Binder Page 
656 Executed Copy of Technical Services E-1248 


Contract Between Perma Research and 
Development Company and The Singer 
Company, dated Dec. 21, 1964, With 
Cover Letter from F. A. Perrino, 
dated Dec. 21, 1964 


670 Due to Its Excessive Size, by Stipula- E-1253 
tion Dated Aug. 7, 1975, DX 670 (Blue- 
print of Vacuum Container DC 17-342066- 
900X) is in the Possession of Counsel 
for Defendant. DX 670 Will be Produced 
for the Court's Inspection Upon Request. 


686 “Perma Anti-Skid Detail of Start-Up E-1254 
Manufacturing Expenses July 1 - Dec. 
31, 1964" 
687 Employee History and Compensation E-1256 
Records (Top Page: Albert E. Romel) 
R 638 Article on Measurement of Tire Brake E-1270 
tp. 909 thru Force Characteristics as Related to 
p- 910 to Wheel Slip (Antilock) Control System 
"Measurement Design by J. L. Harned, L. E. Johnston 
Methods") and G. Scharpf 
689 Article on Automatic Brake Proportioning E-1272 


(p. 299 “Ab- Devices by Guiseppe Puleo 
stract", p. 

299 “Braking 

and Safety" 

thru p. 306, 

p- 317 "Auto- 

matic Regula- 

tion Devices" 

chru p. 318) 


700 1973 Edition of Ford Brochure Entitled E-1283 
(at 1, 123- "Car Buying Made Easier” 
124) 


708 Modified Plaintiff's Exhibit 129 E-1287 
(cover, pp. 
1, 13, 19, 22. 


27, 31, 34, 
35, 40, 44) 
III. Defendant's Exhibits Offered In Evidence At Trial And Rejected 
13 (id) Engineering Appraisal of “Perma” E-1298 
Anti-Skid Device, dated April 9, i964 
335 (id) Memorandum from B. C. Person to S&S. E-1302 
Boriss, C. W. Broeker and R. H. Elman 
re: Discussions of Messrs. Romel’ and 
Person with Kelsey-Hayes, with Attach- 
ments, Gated Feb. 15, 1966 
337. (id) Engineering Reports from The Ford Motor E-1311 
Company to A. E. Samson of Ford re: 


The Effectiveness of the Anti-Skid 
Control Unit as Evaluated by Ford 


is 
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Exhibit No. 


510 (id) 


559 (id) 


560 (id) 


658 (id) 


659 (id) 


684 (id) 


Description of Document 


Memorandum from J. A. Lundin to J. W. 
Momberg of Singer re: Meeting at 
Denville Research Laboratory on Sept. 
30, 1965 


Memorandum from A. Romel to B. C. 
Person re: Trip Report to Ford Motor 
Company, dated Feb. 17, 1966 


Letter from B. C. Person to C. F. 
Bruder re: Information Reviewec with 
D. P. Kircher of Singer, dated Feb. 
25, 1966 


Letter from S. Linderman to P. DeRensis 


re: Plaintiff Counsel's Request for 
Perma Device - First Unit Delivered, 
dated May 16, 1973 


Letter from S. Linderman to P. NeRensis 


re: Plaintiff Counsel's Request for 
Perma Device - Secofl€ Unit Delivered, 
dated May 22, 1973 


Letter from H. J. Policinski, Patent 


Attorney for Kelsey-Hayes Co., to J. K. 
fagemann re: Every's Testimony, dated 


pert 
“une 6; 1974 


Iv. Court's Exhibits 


Exhibit No. 


Ct.°s Ex- 
hibit 5) 


6 


Letter of P. R. Grand to J. K. Lagemann, 


dated Nov. 30, 1973 


Exhibit 
Binder Page 


E-1326 


* 


Portion of Partially Executed Stipulation 


of Facts - 


Fully Executed Stipulation of Facts, 
dated June 24, 1974 


E-1331 


E-1336 


E-1339 


E~1340 


E-1341 


E-1343 


E-1345 
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AGNELY cut datod tho orl day of Docombor, 196, ° 
by and botweon THE GINGER COMPANY ("Duyor"/, a Mow Jorsoy 
corperation, "it principal offices at 30 Rockofoller 

| Plaza, Now York, Now etna A and PEMA RESEARCH AID DEVELO? « 
— MENT COMPANY ("Gollor"), a Dolawaro corporation, with ° 
principal ¢ officos at 3g East Washington ‘Btroot, North *.' 


e es O° oa e 


"Attleboro, Hasoachusotte.. Le - .@ st 


° Es ig ro bd 
*. ® . e 
i bi . we | ae 
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é, . . . 
Le (a) Sato and Transfer’ of Agsetn. Sellor. 

Wid. ooll, transfor, assign ‘and convey to Buyor at the 
closing provided for in Section 2 horoof aa "olesing") 


- tho following assots: sa aie eh AE a . 
- ‘ 


(a) AlL of its Anvonttona in any way yen" ‘ 
“tating to or “sotul in the manufacture of tho "Perma Antie ie? 
Skid Control" prosently boing manufactured by Buyor for. i, Li 
Sollor, pursuant to an agroonent botwoen Duyor and Soller 

datod Juno 18, 196! togothor with all Unitod Btates and 

Canadian patonts and patent applications rolating thereto, 2 
oxcopt for U.S. patont application SN 203, 075 filed Juno > . 4 
‘18, 1962, a ,ldcenso under ‘which Sellor horoby grants to a 
Buyor pursuant to Soction 1(f) horcof, Such "Porma Anti- ", ‘ 
Bicid Control" and ony improvoment or modification thoroof 


(so Long as any portion of such "Porma Anti-Skid Control" 


_:0r such "Porma Anti-Skid Control" au 90 dmprovod or modi= | - 
fied conos within any claims of any U.S. patent or ponding 
U.S. application assignod or to bo asoignod horounder dure 


4ng tho 1ifo of any such patont or tho pondoncy of any ‘ouch 


. 
——<_——= ~—se- . 
<a ee ae eee 


“application) shall horoinaftor bo roforrod to, ac tho “2 | 
Upyoduot". Without lisiting tho gonorality.of tho forocoing, ' 
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Gollor acgroos to assign to wages tho following patont and 


a, 
e 6 © * Tits ; 


‘patent ‘dpplicationa: oe I Pe ~ eer 
e rs ‘ ee : os 3 é | ® . ; . : e % , * ® ° -: Cad Be a 
Pago eee he er is rome 
a teehee US e Noe 2,801, 879 Ascuod April 14, 19599 +. tah es: 
ae ye, of Ore Ss 
ras? 4s gonoddan No. 657042 docuod Fobruary 9, 1963. se Fs 
ay rs er fea gg 
EF bap a a ee, a a MS: ee 
af fags 2 88 <i « aor 
vee eee Sh, gre patent Applications ' re gcha SO 
° o tare ured s . e ‘ e x ~ sm 
‘ STS phase, SN 322, 716 f4l0d Novombor 1963 (and cone * ++") 
ee Pate ir ; tanuation in part filed Novombor 2, 196 oe ee 
°: Pr " . PL ® 2s 
Meo oage Mer 2%" * Canadian Sit corresponding to stich con- rf 
aes we Sogamuation in part of U. 5. SX 322, 716. aye 2h 
hh te ak eae 
ot. Es ; (34) All of Sollor's ihanaet, 4f any, in a 


wa tho tools, ‘atid ‘equipuont Listod on Seuodulo Ae attachod horoto. : 


by peat TL) ith f(s) Sotder's U.3. and Canadian rights in at 


2 “the tradomark or <radenamo "Perma", "Perma Anti- skid Con- aa 
hs trol" and any variant ‘or ‘vardonts thoreof. Soller nay cone 7 :| 
| 


": tinue ‘tc “do business undor its corporate name but shall 
“not feature such corporate name in connection with any autoe pre 


“motive product or any part or subassombly of tha Product. 


ne re att " (b) Cons 4deration for ‘Sale nnd Transfer. 
; rp ! Subject to ‘the’ terms and upon satisfaction prior to or at pa 


“tho closing of “the, conditions’ sot forth in Section 3 horoot os 
= © 
* and 4n reliance on tho reprosontats ons and warrantios of 


:,Sollor “horoin contained, and in considoration of such 6010, . 


AY eo transfor and dolivory, Buyor agroos tos wig 
See. = pay royaltios to Sollor in accordance 
tet wath Sootion 3 heroof; . ei pape oe ire oot 
“eh By Acie (44) dolivor to Soller at tho Closing on * 
Pi : undortaling 4n tho’ form of Exhibit 1 horoto. Oye = 
ae poet ty (444) ‘deliver to Sollor at tho Closing “ae 
i chocle for sal 000. ae ° int a 
ri ois © Co) Instrumonts of Canvayanen and Transfore ; 
* Sollor acrooo to dolivory to ba iy at tho Cosine vills of 
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| aig of calc, ° eeckineniie and such othor good and sufficient ing. ee 
sic etrumonts of convoyance and transfor, in form satisfac: ary Mee 
PE 9 Duyor's counsol, Mossrs. Winthrop, Stimson, Putnen & fs: Neng: 
siete Roborts, a9 shall bo effective to vost in Buyor good an4 was 
haribes markotablo titlo to the assots to bo —, convoyod, range Fer 
iit toy ‘forrod ond dolivered horoundor. ee Spee 
a ee ae ae (a) inther ‘Assurances en timo to tina gee 
faces aftor tho Closing, at Buyor's roquost and without furtie as oh”, 
pew SOTAE ERE Soller’ agrees to exocute and doliver at ta ors 
Rs is “exponso such othor instruments of convoyance and transfer hie? b 
ee: and. take “auch othor action as Buyor roasonably may roqutze 2, 
ee ; more offoctively to convoy, transfer to and: vost in Buyer Hr 
by *.all of ita’ right, title and interest in and to any prozere yt, 
sty to do sold," conveyed, eransferred and delivered hors= Bio 
ae ‘undor, and to _ Buyor the same right of Use ‘and possese, "2 
'. sion’ thoreof as Sellor has or purports, to have. teh de 
fae 4 . ot Ge) Belter's Mots.” seller shall deliver +9 ie 
ben : , Buyer - cat’ ve after the Closing its note or notes in che ae 
pore ‘form of Exhibit 2 heroto in the principal amount or mviniaget iy 
ppitgie ‘ of the "LLedi1itios" of Sellor assumod by Buyer pursua..< toni 
Ree - Exhibit a horato. Such note or notes shall be adjustes or Sete 
onary surrendorod by Buyor as royalties aro earned pursuant <2 OE 
ety ‘ 


(tu) s Sootion’ 3(e)(4(B) Wii a ee 


ae % 
We Ry Pra ee Af), License. Seller horoby grants Buyor Sarr 
bie ah) irrovocablo,. non-exclusive, royalty-free licenso to masa, ees a 
(ae So and soll for use in connoction with tho Product, wath UES 
it ee right to subliconso, from the Closing undor Sollor's U. S. sre bee 
Ba es patent application SN 203,075 filed Juno 18, 1962, any git 
ee . ‘ patont Acted’ thoroundor and undor any Canadian patont ape “is ee 
Kare plication or ARNG containing cimilar cloins horoaftor | ae 
s e  £Ll0d or ‘Accuod, ond undor any Amprovonont oe’ wediPteanten 7 
| +) of any! of tho forerotne, iy ae 4 “ be, te 
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', : (c¢) Gollor shall forthwith aosicn: to Duyor, an 
oo “without additional i staaialai lt all U.S. and Canadian’ °* i 
“rights in invontions y "U.S. and Canadian patonts and- . e 


rae patent applications and U.Se and Canadian rights in in- 
provomonta of any naturo Whatsoovor rolating to tho 

- @ 

- +, Product or tho dosign and manufacture thoroof dovolopod 
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He ‘s by or ‘coming into ‘tho possossion of Sollor or any employoo .- + 
of Sollor during tho poriod ‘of timo Duyor, is obligated to : 

pay aasnege to Sollor —— to Sootion 3 horool. wg 


e% 4 bs . 
4. ® > e 


2. Pn Tho closing of ‘tho transactions 
provided for in Section 1 will take place at the offices 
? Pos of Buyor' 5° counsol, Winthrop, Stimson, Putnan & Roborts, . 
oF 30 Rockofollor Plaza, New York 20, Now York, at 12 o'clocis © 
wat . _ hoon on Decombor) , 1964. If duo to causes beyond tho 
control of ‘oithor Buyer or Sollor tho Closing 149 not con- 
summatod on said date or within thirty (30) days thero=- ., , 


aftor, this Agreenent shall torminato without ccalaiaid of 
. any kind on the part of Buyer or ‘Sellor. 


‘ae i . . 
‘ ean aa 36 “Royalties. tae eee te Pe at . 
vem ek cee (a) Definitions. The following torms shall + — 
, . havo tho following moanings when used heroint eas 
so * : “factory invoice price” means invoice price toso-~ aa 


« (to tho: oxtont included in such invoice price) Fedoral -ox 
iso tax, sales tax, discounts and ae coats. 
: "original equipmont manufacturor" moans a manu- ° 


“facturor of automobilos, trucks, .ara oquipmont, and any 


,+,’ Othor motor vohiclo making and/or installing a Product upon 


ig such vohiclo. . é “ie . | nae i 
aN ’. ; (b) Payment of Noyaltics. ‘Royaltios horo~ pie 


- “undor shal bo ‘aah by BDuyor to Sollor by tho twentioth 
“day of oach of tho months of January, April, July and Octo= ° 


bor on oalos and uco of tho Produot for wie hav" 
sieht ‘ ey Ree SR 


£400 ———— ane 
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sete , boon rocoivod by Buyor, less roturno, during tho provious Z = 


> Oe 3 “t calendar. quartor from its puremnser or liconsoo, Suoh paynont . 


ad to Sollor chal. bo re ‘by a satisfactory roconciliation | 


aa ‘atatomont ‘Wadon shar, ales roconoilo royaltios oarnod and .. ee a : 
. oa, " appliod against advance royaltics or loans horounder, tegen 
ee re ; a (o) Ratos. (4) ‘. Buyor shalt subjoct tena 
i. : Goction (o) horeot pay royaitios to Sollor on sales of, tho pole cet 
2} produet in tho United Statos’ and Canada by Buyor or nay Oe 
ee: -Baniifacturing Licensees aftor tho Closing oxcopt solos; to R: 
at's : original oquipnant manu“acturors as follows: Shea kel. es 
pots pein se Ata “5 a Hone ori ™ first 16, 000 unde of ee ! 
i?.3;,, the Product Bold; - : 


_ i ve 


ee ee ae Be on the "first : :20,200 waits of ont 
rat Product sold in the United States and/o» Sanada ‘aftor wi 
‘ poe : ‘first 16, 000 units sold, $10 per unit, which royalty, ‘as 
oD earned. shall ve applind by Buyor only to the repayment by | -1.:% 


, Solder, of ‘Buyor's loan to Seller pursuant ‘to Section 1(») (44); . ; , 


“_ x e “Oo Aftor sale of the Product provided me 2 
, ee for in B. , BDOVOy ” 107 of tho factory ianvoico pric’ fora Er as 
., pordod of five yours; ~. E eekoe ae a Bae i 
We , 7 B De Actor expiration of | the’ period re © tee 
“forrod to re C abovo, 5% of the factory invoice price for an," eee 

"3 ,additdonal- eriet of Live yoars; . Ane . Ris < | 


tee ‘ z. No wayalty shall be paydble to Sellor A 


‘on any ‘ealoe of ‘tho Produot “to ry SERRE RANTING rcaianasaais of "0 ‘ie 
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Lae ‘Rat » (aa) Notwithstanding cubsoction 3004) 
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. oh _() above, sayee ohn), pay a royalty to Sollor on solos bad 
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“puyor or its 1iconsoos to original eisai banufacturora iy 
“ 4n tho Unitod States and ‘Canada of 5% of tho factory invotes* 

< "price for’ ry poriod of ton yoors from tho Closing; and ° oy ae 

ee ‘ <e ees: (444) Buyer chall. pay a royalty to 
* Gollor on tho manufacture and uso of tho Product or con- 
" ponents theroof aftor tho Closing by Buyor-liconsed 

4 original oquipment manufacturers or thoir Liconseos in the wom 


"United States and Canada of 25% of tho royaltios rocoivod 


“by Buyor in connection therewith for a perio” of ton are , 
from tho Closing. : # ee. we ree 
hia . (a) Seaniin’ cea: shall ‘nas full and 


ers 5 accurate rocords with rospect to sales and uso of. the ‘Seedest ° = 
) ; and royalties rocoived in connection thorowith: in sutficiont 
he: detasl to enable tho royaltios payable horeundor to be | 
y te  dotornined. ‘Any author’.zod reprosontative of SOller roasons ‘ 
ei ably satisfactory to Buyer shall havo tho Tight at any :ime 
a * upon roasonable notico to examino such records and to exanina, 
“the books, accounts and records ‘of Buyor insofar as they 
” pertain to salos of the Product. 
ee ; a » Ce) Gessntion. In the event , that a ease 
ti ae party solls in the United Statos an anti-skid device which 


substantially comes within the clains of tho United Statos 


ee patent’ assigned ‘in Section 2 horeot or tho claims’ ‘of a 
Vaitod Statos ‘patent issued to Buyor covering the Ixoduct 
"pursuant to said United Statos application SN 322,716 or 
its assuciatod continuation in part and such claims aro hold 
Anvalid by a judgment or deorco by a court of compotont’ 
| $urisdiction, from Whoso decision no appoal 4a taken, Buyor, — 


ito Liconcoos and customors will ‘thoroaftor bo roloasod from 


oe. . ‘et Oe 14> 068 oe + *epeae” + ws-e6 “ ae * e 
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' poog <M all obligations undor this Acroomont to pay royaltios on 


ees ef ‘onlos of tho Produst in oithor he United States or Canada.’ eat 


aire,e fe 
* Sollor shall ‘havo tho right at "Ata" own oxponse and with fal. ? iy 
J OT Saad Te 
AB “gounaod. of ita own ohoico oatiofactory to Duyer to aaa 3 sabia 
Meg oat % “ ' pato in ae: action for 4nfringomont of auch sinine brought ~ * * 3 
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ose “4 i's aa . ete ed “1 
ee * (a) * Abilit y_to Carry Out fe Soller . rey oo 
ee “4s nota party toy subject to or bound by any agroozont Me er 
. ‘ -° were 
. x whieh WA romain in effoct aftor tho Closing or any guages nd = 38 
3 Sea ¥ ; 
ot “mont order, weit, “4njunction or decree of any court or ee By 
. "Soeang est 
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“+ thia Agrooncnt by Sollor will havo beon duly and effoctive- oe a’, 
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ald Foquasss — of Gollor's stockholdora. ‘ Face via 
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a ‘A cluding patent: and patont appitcations): to bo-sold and: Re ty ‘ ee 
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* transforred horoundor', frvo ‘and oloar of alliions and “ho. ie 
agi. oneumbraneos. F ras Be ae oe 
(a) . Pinancdinl Statenents, Schedule _and ree 


oi ‘Geller hao herotofore furniohod Duyor with asaphete copios 

. 2 of tho auditod financial statomonts of Sollor for tho yoar 

ns ended Juno 30, 196! including a balance siealeile a stato. : 
-: went of Ancome, expons so and doficit and tho ropor® of af, 


Je Howard Je Gwansen, indopendent cortifiod publics accountant, 


- with ‘rospoct to such f'inancirl statouonts. ALL such fine | 
-ancial statemonts have been proparod in ¢ ecordance with “ 


“gonorally accopted accounting principles consistontly fol- 
r. _ lowed throughout the ponies indicated, reflect all known 


‘“[dabilitios of Soller, Aneluding all contingent Liabilities, 
el and prosont fairly tho finanv:ial condition of Seller at . a 
o such dato and the results of its operations for the poriod eats 
* thon, ended. The information contained in Schedulo A horeto 

: 4s accurato and correct and tho “Liabilities listed in Ex- 
ie hibit 1 hereto constitute all of Seller's accounts payable, | 
es dobts and sundry liabilities as of November 30, 1964 with 
Stee, the exception of a contingent Liavility to tho Worcestox 

me Stamped Netal Company, 4 Massachusetts anipecnaNink, a first 
ae mortgaro on Soller's plant and real estate in North Attlo-, % 
‘ poro, Massachusetts, in the amount of ‘$15,000.00 and othor ae 
sundry 4ndobtodnoss not in oxcoss of $30, 000. 00. aa 
° i (sc) ° Disclosure. No reprosontation or warranty by — 

: Scllor containod in this Agreomont and no statement contained 
gn any cortificato, list or othor instrumont furnishod oe 
to bo furnished to Buyor pursuant horoto or in pom 7 
with tho transactions contouplatod horoby contains >r W122 
¥: contain any vntruo statomsnat of a ‘matoriol sacs Ta s oO: ta 
e "es t he 
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: ee ‘ or will oult to stato a matorial Lact k . to Sollcr noc~ ; 


si ossary in onde to mako tho shaheuwnke containod esta not: aes 


aw re ay “2 : 2s ” gonad tior s° Precede ink “to paneer ooication ae 
Aes 2 ALL odY4. gations of Buyor to be porformed at tho Closing, -»°,..° 


«6 te 
ca : 
he: , ‘smfaloading | or nocozcary in ordor ha provide a ‘prospoctivo as 
Rie cae , purchaser of tho assots to bo cold horoundor with propor | ‘tate 
we “Anfermation az to tho valuo of such assots and tho Products: : a 
ree “+ (2) “Soller has no richt, titlo oF intorost in” siesth 
vi: a ony: ¥. 8. or Canadion patent or patent application othor, pier 
odes than’ those assignod heroundor any.claim of Which ds in= “it 7": 
ae ‘fringed ty tho Product or the ‘manufacture, uso or sao Bi 
: f,  thoreo?.’ er ape ; ee 4 Ti ii ithe, oe . wet as, a 
begs ‘ be Ss 0 SES 


Le sear this Agrooment are subject to tho’ fulfillment of Mei? 
arene ‘dach of the following conditions prior to or at’ tho Clos: ings se.” 
, 7 - (a) All proceedings taken. in connection wah Fi ae 
nies if ;, tho transa.Siens” contemplated horo.n and all instruzents Shh ; 
end docunents sequired in connection therowith or ineidont Pasi 
fits ne ‘x thoroto shall be satisfactory in form and substanco: to i ane 
ae v-Mossrs. Wint chai Stimson, Putnam & Roberts.” anak Anna] 
ae "7 (b) .The representations and Worrantios of Soller‘; ! oe 
cae _ “contained in this Agroement or in any cortificate or docu- ghats! 
aaa ‘ ment dolivored to Buyor pursuant hereto shall bo doomod to yi we 
ee ‘. ‘Shave. bdoon nade again at tho Closing and shall thon bo true ee 
ca *,dn all material respects; Sollor shall Jhavo porformed ond Roa H 
¥ ik conplicd with all agroenents and conditions required by Ni a 
Big apos "this Agrocnent to. bo porformed or complica with by it prior” .. : 
At Rs to or at tho Closing} and Buyer shall havo boen furnishod * val 
bts J with’ such -. ‘ertificato: as Duyer may roasonably roquost of * oe 
coe appropriato ‘officors: of Sollor, datod tho Closing dato, -. lil et 
ono etietephig unrcuonlabcis'aa alysy Ray Toasonably vogioae 2 
l" aN cy tho ful fiLimorit of - tho: ‘Torogodng’ ‘Condition's ¢ 3 a? ebtes * ‘ 
b Peas SOMME I cee ec 
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-¢ fo) Buyor shall havo boon furnishod with an ts ail 


’ : opinion datod tho Closing dato of Sullivan, & Worcostoi's | 


. Ha 


counsol for Sollor, to tho effect thats . : ee Se | 

er. ‘(4) Sellor is a corporation duly or- | 

. @anizod, validly existing and in cood standing undor tho ye: 
+ * jaws of ‘tho Stato of Dolawaro and dul ualifiod to do - 
tls ih ee gers 
el 8  businos s in tho Commonvoolth of Massachusotts, aad to oe ae 


Sia ‘tho bost of thoir knowlodgo and beliof, tho charactor of 
» tho proportios owned by Seller and tho nature of tho watt aa 
businoss conductod by it do not require it te qualify ae P Ja 


- to do wuodnese in any othor atato; ! te . bee 
< . (it) + tho execution, dolivory and porforne 


“© anco of this Agrocnent have boen duly authorized by all 


¢ 
. ‘ nocessary corporate action, and this Agrees has, beon 


_ duly executed and dolivorod by Sollor ‘and constitutes a * fae 
Bihan valid ‘and binding obligation of Soller; ee a 
ae Ee, Retrs) to ‘he bost of their ‘knowlodge and . 

' “ , dolicf, Sollor has. good and marketable title to the 2a, eae 
. patonts and patent applications | to be sold horounder freo Snes 


"and, clear of all Lions and encumbrances; . pe a: ae 
j | (ay). to the best of their Jmowledgo and see 
_dbeliol aster an appropriate investigation, Seller has” ees 

comploto ‘and unrestricted power to make the’ salo, con= 4 teeth 07 


Veyance, transfor and delivery of its assots to be sold’ sie ite: ' 


ot coo ~evw~ —_—-—ow~ 
one 4 


by it as $s provided in this Agroemont | el % Fed Sh ae 


ee __(y) the “instruments of conveyance and 


eo, - omer aes 


-_—<<«°* -~- ores rorcee — we 


wee Went wanss gs § ~“~ wee we 00 eee te 


aro. valid An. accordance : with their _FOrns, 3 and. aro offocs 


. 
wo ow ly ca Coen eh Od ate! * 3° 
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“e 


‘tivo to transfor and convey. t° Buyor all proportios ‘and 


tee as ws ip digi > aca se aie 


! assots ovnad aby ogkt9e 2d to bo branzCorred Rorounder “at nis 


reste 


—_- acs 


: the Closing, jet and clear of ald Liabilition, ovliga=’ mhE i 


- thona, Lions and oncumbrancos; ‘ ' . ° 


& ~All : vy 00.79 A : 
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ss See de ; Avi) 011 othor actions ond procoodings ==. , “i 
roquirod by law or this Agroomont to bo takon by Sollor |°. *° 

: at or prior to tho Closing in connoction with this . Ban i: 


Agroomont and tho transactions provided for horoin havo 


, boon duly and validly caren and 


7 


mre) oxcept as may bo spocified by sae Pig j ot 


ol counsel, thoy do not know of any. matorial Litigation, ; Aa i. 
_ procooding or rovernmontal invostigation ponding or Soa ' | 
i . throatoned against or rolating to Soller, its proporty ° 7 J °. 

Y < - business, or tho transactions “contemplated by this Rae 
_Agroonont, or any ‘Logal ‘Ampodimont to tho continued " oh %. 


* oporation and uso in the ordinary course of business of + ds 


.the proportios and assets to.bo transforrod horoun Ore eae % 


& 
o*» 
. 
“ee « 
e- 


vie - (a). Buyor shall havo recoivod an opinion Ao Ree ; 
dated tho Closing date of Messrs. Winthrop, Stinson, 5 ae 
. Putnan & Roborts, stating that tho. forms ‘of tho instrue 


monts of conveyance and transfor, roferrod to in sub- 


Se 


ts, division. (v) of tho procoding paragraph are ‘satisfactory 
to ite” “ AY STs th le ad ee 


S** 
.- 


- (e) Seller and Buyor shall havo entered into a oh . 


ae aon sorvico contract in ™ forn of Exhibit 3 horoto. ‘s 
: e ® Xs vf ie 


+. 6. PONT Conn eS of aren Solloy agreos ‘: Ma 


, '" dofond, indomnify and hold narmloss Buyer against and in 
. “ . . a> . ml en - ‘* ‘ e © 
.''  rospoct of: ; ‘ mm) aa ee eh 


(a) ° jny and all loss, damage or doficioncy ro# 


,° . sulting from any misroprosentation or broach of ‘warranty 


*. by Solior mado or containod in this Agroomont or in any 


. . 
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+o: ae es 
* ,cortificato or documont oxocutod and dolivorod to Buyor * °'. s, | 
= 2 hehe 

undor or in connoction with this Agroomont or tho trans- twee 

actions ,contomplatod horoin. a ca a a 

° : ; " b) wr and o11 loss, damage or “aaabadity row 
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. nt sulting from any stilt it of any U.S. or Canadien ¢ 2533 ‘t. 


= ke “ponsos ineidont to any of tho foregoing, providod, — ie 4 
“however, that af any such action, suit or procooding hall’ 


e 

ee’ | ; Ps “ . ” | 
**, patont ‘by. tho Product. ; : ; eae t Bes } 
re % ® . *e oo + ee j 
*. (0), Alo liobilitios and sibteaddinn of Sollox Re ot | 

ate "tard va sity 
of. <% not assumed by Buyor pursuant to Exhibit 1 norote. ; adatnidenn | 
4, moat * . (a) Any and all actions, suits, procoodings, of Sane es | 

ie rer a f eR ate 
Sr ae “olaina domands asopsenentsy: gudgmonts, costs and ox- Sear : | 
“avery e eee 0% oo 4 } 
e . os 
F) r i 


"bo. commenced against or any such claim, domand or assoss~’ eo: 


* 
et ed ‘ ment bo, as sortod ageinst Buyor in rospect of which Buyor 
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% * borninato, exceps Sollcrs open account indebtodnoss thoroundor ; 


: we Buy ov of, $9, O82, plus tho amounts auo Buyer eananes on ee rah 


ay oe * proposes to domand indemnification, Soller shall bo noti=~ : 4 : 
ia * Lied to that effoct with reasonablo promptness- ond shall’ hn 
Be, : havo tho right to assumo tho ontire control of “tho de~ , 2 reece 
ieee i " fonse; compromise, ‘or settlonent thereof, including os ate i E 
is . " own oxpenso onploynont of counsel satisfactory to Buyer, i ort,” ; 
oe an in connection thorewith Buyor shall cooperate fully to es 5 fet ; 
a. “malo avatiablo to: Sellor all pertinent tnforsation under | ee i | 
ibe 0: : dts control." Rte aah ae “eS ey ed Ket. 
4 : ae 1 2 Cancellation of Manufacturing Agreement. : . ; mgt 5 
ots That cortain Agrecmont. dated June 18; 1964 by and botween’ pers ah 
ra a Sellor “and Buyer shall be deemed null and void and of no ° : nl - | 
a = Lorco and offoct simultancously vith tho Closing, and all ie ay 
i 3° ‘, "rights and obligations of tho parties thereunder shall, thon | : sei -* 
ee 
I 
4 


* Schodulo A to Exhibit 2, which shall, survives we tte 


ay é . siee %, 
Vo? . “ 3 / vids . v ae 


‘ 
| 
ve . ; 8. Liconso to Sollor. hia horoby grants °". Aire 
eee * Sollor an Arrovocable, “oxelusivey royalty-freo license oe “of 
i 


ners, fa 5 
re: ‘with: right to sublicense from tho Closing, undor U. S. oh OF 


ty * oe 


patent No. 2,581,879: tomako, uso-and soll any ‘automobile | * : 


oa netiors= ace 


1, braleing’ mechanism which oporatos undo tho control of on ° 


sms, hadtte bine anaes ° ee eee 


e 
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ee 
fe 


. accelorator podal, were “0.0°%8 % “ ? were. 
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; 9. Covenant Not to Competa. Sellor shall echt 


ddroctly or indirectly, compote with Duyor in tho manu- nis 


~ facturo or calo of any dovico designed to provent tho : P 
Whools of a motor vehicle from skidding upon application 
| 


' of tho brakes thoroof or of any substitute or equivalont 


products during tho poriod royaltios aro payablo to Sollor 


horoundor. oe eo ae : ret 


ce ‘ - 10. Reversion Right. In the evont Buyor doos : 


not incur direct and indirect costs of at -Loast $100,000 
for markoting, promoting and ‘advertising the Product (in= 
¢ eluding diroct promotion and advertising expenses incurred 
~ hoe by Buyor's distributors which such distributors are con= aN. | 
oa tractually obligated to Buyer to incur) in any éakoudan = 
year between January +. 1966 and tho December 31st preced= 2 E 
; ing the timo of expiration of Buyor! s duty to pay royalties 
ae hereunder, Seller upon written notice to Buyer within six 
". months. of recoipt of Buyor's roport hereinafter referred 
ne, “to may notify Buyor of its exorcise of its rights under 
ee this Scetion. Buyer shall make a report to Soller within oe 
ah: 90 days of the ond of each calendar year. of the marketing, 
advertising and promotion expenses for which Buyer claims ° oe 
- _ credit undér this paragraph. Such report shall set forth . ; | 
_ + a ws 3 aggregate ‘such direct and indirect costs “Aneurred ee 
by Buyor and, such direct costs incurrod by Buyor's distri- ne 
_butors pursuant to contractual obligation, Buyer may con- ; 
clusivoly roly upon advice of such distributors with respoct 
: to their incurronco of such direct costs. Buyer within 15 
.. ° days of roceipt of such notice shall assign and convey to 


Soller tho patonts and patont application assigned and con~ 


* yvoyod heroundor, any othor patents or applications hold by 
Duyor tho cl’ . ef which aro anfringod by tho Product, and ye 


all tools of Duyor used by Buyor oxclusivoly for tho manufacture 
Sx ; , ; * E-47A ¢ [PX 60A, p 13) 
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of tho Product in considcration of tho paymont by Sollor aa 


| 
of all its dobts to Duycr, if any, o cash payment by 


‘Sollor to Buyer of $50 ,000 plus tho amount by which tho 


book valuo loss amortization of such tools oxcoods 235,876 

cand ‘tho assumption by Sollor of Buyor's liconsos and dis= . . > 
a4 tributor contracts relating to tho Product. Sollor shall 

: ¢emovo any such tools ‘at Buyer's plant at Sollor's OXpCcnsae 

If Sollor oxercisos its right heroundor and fails to pay *. ° 

‘such cash consideration upon tendor of assignment of the : & 
_‘aforesaid assets, Soller shall havo no further rights ; : 
“under this Section. Buyor sholl have the right to liquie = sh 
date any inventory of tha Product aftor such assignment . 
; ‘? and royalties shall continue to be payable in acccrdance 
‘ with Section 3 horeof on such salos. Except for suc: a ea | 
" royalties ‘and a final. accounting hereunder, this Agreement oo 


3 shall. Senpinnse upon euch assignmornt to Seller under this 
" Béetion. aera. -. ASE os eer a ea owe. 


ne et ID, 


will give to Buyer and to Buyer's counsel, accountants, tesiathe 


Sa ecess to Information and Pen ey Seller . i 
" engincers and, other representatives tu access during | 


_ , normal business hour's to all the proportics, documents, : ig 


; contracts, commitments ond records of Se! av ‘and furnish : 
a |. Buyor with copies of such decuments (corvacded if so re- | 


. quested) and such information with respect to ie affairs ‘= 
of Soller as Buyor may ‘rom time to timo reasonably requests 
* Ali information so furnished will bo retained by Buyer in ° 
,* confidence. Sollor and Buyor mutually agree that following 
“tho Closing cach, during the normal businoss hours, will 
‘afford tho othor, 4ts counsol and accountants, full accoss 
to SelYor's books, records and othor dvta rotained or do- 
“Yivored by Soller pursuant to this eer ors as Duyor or 


* ,Sollor may roasonably requost. = = * 
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a ; 12. Commissions and Findarts Toes Each of 
tho partios ropresents that tho nocotiations rolativo to 
this ‘Agroomont and tho transactions contemplated horoby 


havo bacn carricd on by Scllor diroctly with Duyor and in 


; such mannor as not to give riso to any valid oloaims 


“against ‘any of tho ‘partios heroto for a brokorago commis@~ — 


* sion, findor' 3 foo or othor Alco’ payments 


er . - 13. Marketing. Buyer in its absolute discre=— 


* tdon shall dotarmine tho mothod of manufacturing y nephakion ° | 


; 


cing and marketing the Product. tks ae ideo oe = 


“ 


aan Lee: So) Ler ‘pamits ansattee Hono of Sellor, cond 
oe guscessor ‘to or assignee of Soller shall challonge _. 
‘the validity or Logality of tho patont or patent ‘applica ee 


a 
° . 
t . 


! 
ode ‘tions assigned herounder or any patent, dssucd pursuant pen | 
thereto. doe. . Fee's: et Se te 


. 
‘ . . of. 
‘ ° > e 


ae ag. 


Bee: Pe reprosentations and warranties made by Seller under 


.. this Agreement in connection with the transactions contem= 
», Plated horoby or in any certificate, list or other dnstru- eS 
oy mont delivered pursuant hereto ‘shall eutvive ‘the Closing Sage: Ol 


‘. and any insega vga mado at any, time with Fospect thereto. a 
é a Ny. rae ae 


“isi Paes 8 16. " Wotteos. * All noticos and othor comnunica= meas, og 


_ ons Horouhor shall ‘bo in vriting ‘sid, shall bo deemod to 24 
“avo boen auly given if doiiverea or nated first-class « ae 


oom co fas 
eee ewe rey eee @ eo ate ‘ of 
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(a) If to g.SelLery. 319. Bast, Washington Stroot 


“arrose “ANS OST AAMAS EORTC EF: Ferhat 

‘orth Avtioporo, Mas sachusotts. aN — PP iyi 
ee (>) if ‘to "payor, to thes Singer Company, 32. 
° “First Street, Elizaboth, Now Jorsoy, Attn: Genorad Monagor Me” 
(with copy to Mossrs. Winthrop, Stimson, Pritnats 't Rocorts, — : 


30 Nockofollor Plaza, Now York 20, Now vdeo” fee! 
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* Such namos ond dddroscos may bo changad by 


weitton notico. |" vO : a ; nets 
oe ’ *. a te em ; 
. 17. Further Indemnity. contemporanoouzly 
with tho oxooution of this Agraomont, buyor io pur- te 
chasing from Vorcostor Stamped Motal Conpany and/or Anor= | 
dean Emblom Company, Incorpevatod 3,110 “sonsing units" 
“sand "roar boxos" (components of tho product) at $13.85 = 
‘¢ FOF oach component consisting, of onc sensing unit and 
ned ono goar box, which sens sing units will roquiro cortain 
|  Romwork, Sollor agrees to indemnify and hold harmLoss 
",  Buyor for all ro-work costs and oxponsos dneurrod by i 7 


+, Bryor in connuction with each such sensing unit in excoss 


_° of §2. 00.for each such unit. In tho ovont Buyor shall +a 
i havo a claim or claims ‘under this Soct.on, Buyer ‘shal age 3 
4 “have tho right to ‘withhold royaltios heroundor to tho ae 
se! “oxtont of any such claim or ciaims. ; a pee 
lees, Tear "a8. ‘eiatne Agreement and PRP This . fe 


= , Marne, dneluding the Exaibits and Schodules referred: 


“to horoin which aro a part horcof, contains the ontira . 73 


on 


dineeninsivttipenenssliiotin 
“undorstanding | of tho partios horoto with respect to tho 
subjoct nattor containod herein and may bo anendod coal 


. ‘by a writton Anstrunont oxocutod by Sollor and Biiy or. or 


‘thoir rospective succossors 0 or assigns. Thoro. ax0_no 


o @ 6 


' roctrictions, promises, varranties, covenants, or undor= eA 

r : r oe : it 
ae takings othor than those oxprossly sot forth herein. t 3 
ee eT com ee + Aisa: Caraameneencepenne asa = e ’ ; (3° sit 

ae Jho secticn and paragraph. hoadings containod in this { ie 

° yak e ts sf 

ee Se 


+ — Agroemont are for roforonco purposes only and chal not . 


¢ _ a toct in any way tho moaning or intorprotation of this | ee ee 
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es 19. Couwnterparts. This Agroomont may bo ; ‘| 
oxocutod simultancously in’ two or moro countorparts, : ane | 
oach of which chal be docmod on original but all of eng ee 
which tocothor shall constitute ono and tho samo in-, 


etrumont. ads oe ‘ ai 
‘ . : ce a ae Pd ~~. ™ x ; aie 
a . 20. Partics in Interest. This Agroomont shall : 


, s .° &nuro to tho bonefit of and bo binding upon Sollor, . 


* Buyor and thoir respoctivo sucoessors eer: 
. . . e. ¢ ns J ae ‘ . es ® 
ret "5 21. . Applicable Law. This ‘Agroonont shall do. 
5 A cons spued and ‘enforced in accordance with the laws of 


‘the Stato of New ees at, ee meas a) eee 


a iy se “ah: : e ‘ 
ort WITNESS WHEREOF , tho partios hereto havo 
Mies duly executed this Agreement as of the dave first above 
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ROPERTY OWNED BY PERMA RESEARCH! AND DEVELOPIENT COMPANY 


bor on onlos and uco of tho Produot for vhiloh paynont how’ 
E-465° 


Tooling located at Daniclson Manufacturing Company, Danielson, Connecticut 


PESCRIPTION RT NO - “gost 
i Mold Frame for Adaptor an - . $1,050.00 
2*~ 2 Cav. insert for 1963 . , “ Nig 
‘+  * ‘Chrysler adaptor . " B=3200 . -* °975.00 
2 2 Cav. insert for Chev- __ - * oe ‘ 
‘ rolet adaptor ". B=5000 ~.' 775.00 
2 2 Cav. insert for Ford e. “bs 
oa adaptor *" Be1100 ITs, “".* © 99S.00 
2 . 2 Cav. insert for 1963 Shiver ee ‘se ee? wi 
Buick adaptor "329100. eit 2 775. 00 
2 . 2 Cav. insert for Pontiac. . oe be es 
‘ adaptor rae TN B-7100-A ante OF 775.00 
2 .2 Cav. insert for Buick. Fi de Ce, a 
, | Special adaptor “85 gBeg200 32.3% | 998.00 
2 Cavity hold for adaptor ; vee: ee ae ‘ 
. blanks p: e  2." Ss whe tS $50.00 
fooling required for Machined he % OREN pe Poe Se 
adaptors (from adaptor blank Te ee Oe iy Oe ET Reet 
heats ein “ae B-5000-2 - <7: v4 100.00 
. -B-9000-71 Set? 100,00 
tie B-4000-A = «S's Ss 100.00 
i ott, BeBOO0-A 8 100.00 
Tet BeWO02A s+ 200.00 
. ‘i TS Be6000-A ww + 900,00 
Assembly Fixture for use in : Bs, 5 aed ee fo 
producing adaptor a 4 a aT Sad **:. 500.00 
oS Mold base to cover molds Ys cad ae cro — 
‘« for production of gear . if. an, ees *..2,800.00 
| series listed below hd ie tne 
1 1 Cav. to produce part AK4P/19T «© + | 300.00 
2° 2 Cav. to produce . AK4P-21T sist Tos *’ 300.00 
2 = .i-cav. to produce . .. AK3P=177 “+ 300.00 
2 1 Cav. to produce ' AK3F-16T peettee 300.00 
a d’cav. to produce AK3F-197T ' +: 300.00 
2  icav. to produce AKIF-20T ee : ee 300.00 
4/1 Cav. to produce AK3FF~16T " ¢+ 150.00 
2 * 21 Cav. to produce AK3FF-19T , oh 150.00 
2 “k Cav. to produce : AK3FF-20T — «480.00 
2 Cav. to’produce. AK3FF-21T gk 300.00 
p | i Cav. to produce AKACHI-10T *.+ 300.00 
i 1 Cav. to produce AKACH-20T ‘, 300.00 
4 1 Cav. to produco AK2A-17T 300.00 
a 1 Cav. to produco * AK2A-10T r ." 300.00 
1 i Cav. to produce . AK2A-l9r -* 9300.00 
Z e © my “6 
f rm . ‘ oe con, P ar C84 


“undor shal 1 bo payablo by Duyor to Sollor by tho twentioth 


»* 


“doy of waa of tho months of January, April, July and Octo= ° 


ry oe ve oo “ee e que ‘ ° got en : v re . . : * " ‘. 
‘ ? e ¥ Nig. ra AF oie an | a5 * a J! “| ° a 4 
Vs ; gis ti ” tee ‘ oy ’ ¥ oe ; a, e 2° ‘y ° a of: A ; ; i, ae 
° ‘ a5 ff By # Sire, | ; nH PS Me te ‘ Pin ie oPoeoess’ ci 
itt "a ay Poe Pas ® aes e’ ! . + Oy Tage ‘ . - vd ‘ ee O0¢ 
4 ‘ tas segs ’ ‘4 © asd ro “A o* 3 > i * ved ‘t "aA } “* os ve? re ae #. 
“ var ot te SV aee “e ’ meats [Px 60A, p 5) 
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Tooling located at Daniclcoa Mfg. Company, Continusd © es eh lay 26 
1 1 Cav. to produce -{* were Se gee 
2° 1 Cav. to produce TS ALPAMABT. | 6 900.00 
1 1 Cav. to produce » AK3FA-19T Tio ae 
1 = .1 Cav. to produce . AKIFA~20T ay ee 
1 1 Cav. to produce _ AKSPA-21T Ln Ke, 300.00 
1 -1 Cav. to produce AX4B-19T aga 2,7 vo — nnn 
i 1 Cav. to produce +s AK4B~2uT ‘ sant . se hae 300.00 
1 1 Cav. to produce AKAB-21T ie na 
1° «1 Cav. to produce AKABS-19T a ee ee 
1 1 Cav. to produce _ _, AK4BS-20T at ae ee 
1° Cav. for gear, part axina-20r 3009.00 
1 Cav. for gear . AKUR-21T > 3 vty...) 300.00 
1 - Cav. for gear -" =" AK4P=18T . tts So: $80.00 
{ Cav. for gear i. AK4P-20T | Least tt, $00.00 
qooling for blank adaptor sleeve & nut ving. Tate wee ote. 2278.00 
: ein Me ob. + . Oe Teer CS se 2 Mia thes” 
é Cavity mold complete to =~ . as eae ie ee 
‘ | + produce transmission gear tg See ee We eRP en eRe ts . 
& shaft . «as Mente as 
. ° eee 3 ee : are oof, 
Totel 4, eh oa ce 22” 98,925.00 


oS 
' 
> an ae eS Ths 


TERMS AND CONDITIONS: 


Charges for dics, molds, tools or gauges (hercinafter called “tools") not 
Bpecifically charged to the custorer do not convey ownership and remain company 
property. Tools patd for by the customer do convey ownership and the right to 
remove them from the premises of the company upon proper notice and upon 
payment for engincering services not normally incluc i in the tool charge. 

These services vary with the technical corplexity of ich job and average between 
25% and 402 of the original tool charge. In chose instances where Danco standard 
mold bases are used, dies only are the property of the customer, 

Tools specifically charged to you will be held for your exclusive use and 
#111 be kept in good condition for production by us without expense to you, 


reasonable wear excepted, for a period of tire ending three years after complcticn 
Df last order, 


ae a ee ; Ye aan he arene 
: 1.Cav. to nrodcuce a Se , ar ie ek ih F ° 
As p . ‘ . ° r = e . Pie "e ¢ A PY. ee 
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- Tooling located at Danielson Mfg. Company, continuea ~~" ; 3. : 
es ; Thereafter, payment for such maintenance is the liability of the ‘ 
owner of the molds, subject to voluntary participation by us if economic 
considerations justify. Charges will bo made for repairs necessitated 
*/ When a tool has outlived its uscful li fe, ai * ; 
a ‘Insurance is carried on your tools while in our possession covering j 
‘most risks, including fire,’ theft, transportation, water damage, etc, 
‘This coverage also applics if wo send your mold out of our Plant for 
“¥epair or alteration, . TL ole ty eheae ee ee i on. ee OR 
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* PROPL_ATY OWNED BY PERMA RESEARCH AND DEVELOPMENT COMPANY : " 
‘Pooling located at Worcenter Stamped Metal Company, Worcester, Maen, 
"+ DESCRIPTIo: -"..%. PART NO. ‘cos. ; 
‘ ae er me os tes 29% 9° 77 2% le, ray °. vt # : 
Tooling for Cans RE ok dae SE ORS, i ey a ae $ 2,600.00 : 
we Sie oy eee, ee 
Tooling for Covers : . 6 ae ee i 2 * 700.00 
‘~ : Pe’ ; eS f= © ed se re mer te" * ‘¢: > e 
. Tooling for Cover #7146 ad re : b* 80'* ,00 : 
“ @ooling for Dished Plate #7145 ‘+. 350.00 : 
ak rr sn a “ph + e * t4 
, Tooling for Dished Plate #7144 he 350.00 . 
fooling for PV-2A-lA8&9 |, or , 455.92 
f i See os err et f . $ 5,255.92 
; MERMS AND Coxprrrons: venga pitt Gite ot eee 
-. ; P it a“ e SLAC AL os oy 30 33 me 3”. mi “tag ‘ . A 
4 In ‘accordance with the Termination Agreement between Perma and ° i 
“ Worcester Stamped Metal Company dated June 18, 1964, paragraph number 
: § States “worcester acknowledges and agrees that all molds, tools and 
Gics used in the manufacture by Worcester of parts and components for 
-* Perma Anti-Skid Control units are the property of Perma and may be 
p ‘eemoved by Perma or its nominee with out the payment to Worcester of P - 
any further charges of any kind." ts Oe ee Or a RL eae 
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ais - PROPERTY omen BY_PERMA _RESENNCH AND DEVELOPMENT COMPANY . 
fooling located at Unit Tool commen Venturi ‘Avenue, Warwi ck, R. I. 
" DESCRIPTION } ot yee s+ pose 


. Set of tools for Friction Spring "oat ie § 250.00 Pe ates 
‘ef -RS-lv = . ° *. 9 Ss . . , .* : 


7. = e = *? °°. . ° %@ -* 


-Set of tools for Friction Spring . a a a : ‘2°35 .00 
R81 ee ° . ’ 6 . a ‘ * , ad * . a ey : :. fe es : sp a : 
Set of tools is Friction heiichiae ? 
RS-4 ‘ae . 
. Set of tools tor Friction spring 
" RS~5 , : 

“4 Set of tools for Friction spit : 


- RS-6 


 Sasceine Tool Pi ”! 900.00 


; .. . ma o $ mi e 
™: Forming Tool < e4°, 65-00 
t Tooling. ; re i a gs. 00 
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, Pn PROPERTY ONNED BY PERMA RESEARCH AND DEVELOPMENT COMPANY ie 
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Dire ers 
239.C9° Nee 16 g.* 
10.55 . oe LL) - 
77.06" * # = 
“s f ; 
* 156.00 «Nee Cast 
* "Fee Cask = 
99.00° Asceioz _: 
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457.000 ™ 
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ee 
Nama and A'crvess 
of Gredftor 
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10-26-64 “Vatced Casera Inc, °° 
297 Eiseood ave. ‘ 
Providence, #.1. ‘ 


4-27-64 /U.S. Dielectric Inc. 
1S Crccnwood Sc. 
Worcesctor, Macc. 


d- 5-64 


. 
~ 


2-12-64 wUatversal Pattera & 
Woodworking Co. 
* 454 Coorge Wetcrman Rd. 
Johnston, 3.1. 
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VorifgaxSusplics 
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Uydraulic Precsura Sultches 
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Vzadic Display Stsnds 


_ 3-15-64 


79 
ear 


Arount 
Due Nate Dire 


11-26-64 $ 66.35. 


2~ 6-64 « geese 3/3 
, xet 30 
1/25 -: 


Net 30 


20.80 ° 


* © 


2-22-64 360.00 "Nez 10 


3, 6= 9-64 YTown of N. Aztledore Resl Estate Tax-Shop & Offica 7= 1-64 942.50° Not Cesh 
2 b= 9-65 | Colicctor of Taxes ‘ = * Billdcards 7= 1-64 104.60- "  " 
: $° &. Attledozo, Mass. eyo ee : 
, « * : é a f. as 3 ° = a : ue : +? 
hg 9-22-64 vdurcau of Cozporations-. Cemmorat‘oa Excise Tax 9-15-64 1,749.34- ‘n 
. Mass. Dept. of Corp. & + . , : : 
) Tox : : - 
e * 2.0, Box 355 oi : : 
’ Boston, Mass. . ae tees 
: 9-30-84 / taternal Revenue Serv. . axterly Return =~ Tiel vais . 
i” 174 Ipswich Sc. Fod, W/H & F.1.C.A. 10-31-64 1,754.31° " 
ee Bostor, Mess. ‘ . ak a hes a 
i * as bet re : 
:" 9-30-84 }tieats mncl Revevue Sarv Quarterly Excise Tax Retvaa 10-31-64 2,411.33. " 
F . 174 Ipsvics St. he a 
a Buste:,, Mass. : 
‘ z . 
Be . . ® ~ rn 3 z * 
# , 8-31-54 /Comonmsoalth of Maas. voathly Retura-Moss. Incoze ae 
He ‘ Dept. of Coz. & . Tax 9-15-64 3285625." -- * 
a Aos0~s4 * Taxatioa * Monchly Return-Msss. Incoma . 
ae 2.0. 20x 1152 Tax . 10-25-64 Macao * 
* 20-31-64 Bostoa, Moss. , Monthly Return-Mass. Iacoze 
j. Bie hoa ae t M-15-66- 71.225 
i | eee a Big GRE oe ; oe : 
+ 9930-64 yMass. Div. of Exployrent <=ployer's Quarterly Contri- peter ae 
ir : Security bucioa Report 10-31-64 wz 47s 
"She 135 Clazeadoa St. 
i. Boston, Mass. Dae oer r 
. 20-31-64 4 Mfg. Nas" Dank of BC . Fecoral Depository Recestor : 
; Mo. Attledozo,. Mase. . Fed. W/Z & 2.1,C.Ae © Occ. 11-15-64 po POY Ee i 
9 + .? . . : ‘a saMe — a 
Mig SoO6 MMSq. Nc! Back of SC. Fea. WIM F.2.0iA. = 11-5-64 12-15-64 97.45. "  ™ 
‘Mod Attlcboro, Masc..*. + * ; Sie ae ; 
7 agg a ae eee ; Me . ; . 
o* . “ ‘ | ye af is 
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Date a. Nav ond Address oN Arount 
“Inveiew or wtitor Description. Tien ee Ser, Rue on Me fe: 
12/20/04 Anerican Airlines, Travel 12/1/64 $ 309.99 Xe: 
633 Third Avenue 
New York, N. Y. 10617 
. 
12/23/65 American Express Lodging & mea’s 12/3/ 4 41.51 
: P. O. Box 1934 
Now York, . Y. 10008 , 
12/19/64 Beauchaine's Inc. Shop supplies 12/19/64 8.43 25 2 
149 Chestnut Strect : .- - net 
North Attleboro, Mass. . r 
12/1/64 Better Business Bureau Dues & subscriptions 12/° /6< 50-CO Nez 
$2 Chauncy Street ‘ 
Bosion, Mass. O2111 
12,/24/64 Cities Serv. Oil Co. Gascline 12/1/64 15.17 ” 
P.O. Box 8494 ; 3 
Philadelphia, Pa. 19101 ° 
10/31/64 Corp Brothers, Inc. oxygen | 11/10/64 2.40" 
, 1 Brook Street te : . 
Providence, %. I. ‘ 
11/3/64 Francis H. Curtin Workren's Coup, *V20/64 . §73.% * 
; Insurance Agency, Inc. zs ti j 
689 Concord Avenue * 
Cambridge 38, Mass. : 
7 . , ne . . 
"11/12/64 George L. Dienes telephone 11/22/64 36.26 " 
21/12/64 Perma Res. & Deve Co. - 12/64. 18.51 * 
12/4/64 * travel 11/4/64 68.80 " 
11/17/64 travel * * 21/17/64 2138.33." 
: eae i eel 
11/20/64 G,. D.C. Leasing Corp. . rent-cquipzent lease "24/1/64, 8.70" 
100 State Street : fate? is a : 
Boston 9, Mass. aL 
10/31/04 _ Gasoline News ‘Advertising "11/10/64 15.00 " 
214-226 Osk Strest ‘ : 
Coluabus 15, Ohio ak: ; ; 
13/4/64 Gothic House " brochures ‘Tl ayis/64 —- 377.00 " 
ll Cherry Street reap : 
Ashland, ass. : 
11/19/65 Gulf Oi1 Corporation gasoline “21/23/64 85.74 " 
P. O. Box 7515 : 
Philacolphia, Pa. 19101 
11/4/64 Handecs Auto Supply shop supplies 12/10/64 058 2% 3. 
12/12/64 611 No. Washington St. “ ale .« 12/10/64 12.42 nes : 
11/13/64 ee “) 12/10/64 18.07 " 
11/27/64 bad 12/10/64 7.33 " 
11/26/64 bc 12/10/64 9.45 * 
11/13/64 The Mertz Corporation ‘Travel 12/28/64 36.94 Net < 
?. P. Rox 2356 b ’ y: 2 ° 
Grand Central Station ° LR TMS © itso the 
How York 17, 3°. Vo ‘ 
10/31/64 -O.sar A. Hillman & Sons, Rent 11/10/64 200.00 " " 
, 7-62 Bla Stsect 
North Attlcoboro, Maus. .PX ‘60A, p 40) 
10/27/63 Nolnes Systens Clearings Froighs ’ *11/3/64 8" = 
L1/e/on . 7, O. Rox 345 " ae , 12/11/64 40.60 ° * 
11/16/04 = Bellow Falls, Vermont ad 11/25/6< 6.60 °* * 
E- 592 NALD 


*the/o4 
12/25/64 


s/o: 
11/9/66 
12/30/64 


10/31/64 
oh # 


.* 
*e 
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20/28/64 
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. Address 
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Nusable Oil & Revining 

P.O. Box 2140 

Church Street Station 

New Yorn, N. ¥. 10008 
, 

Donald Karp 

Perma Res. & Dev. Co. 


San Karp . 
1 7a Res. & Dev... Co. - 
Key one Office Supply” 
26 Richzond Street 
Providence 3, R. Ie 
Lioyd's Office Supply 
$2 Union Street 


. Attleboro, Ma... 


‘Ne BE. Tos & Tal. Co. 
"-2 Greene ‘Street 
. Providence, R. I. 


Mercury Mail Adver. Inc. 
Dexter Road : 
East Providence, R. I. 


N. E. Tel & Tel. Co. 
21 North Main Street 


“t Attleboro, Mass. 02703 


10/20/64, 
10/8/64 
10/8/64 
21/4/65 
11/26/64 
22/15/64 
12/30/64 


10/31/64 


12/4/64 
11/24/65 


22/7/64 . 
12/21/64 


43/20/64 


* 12/4/64 


N. S&S. Tel. & Tel. Co. 
21 North Main Street 


‘** Attieboro, Mass. 02703 


N. A. E. D. 


* 76 No. Washington St. 


North Azvtleboro, Mass. 


“AC. 


Pierce Chevrolet, 

$90 Main Street 
Pawtucket, R. I. 

Pilorin Interior Cleaner 


9 Cameron Street 
Pawtucket, R. I. 


Port of New York Authori 


. Treasury Departaent 


111 Eighth Avenue 
New York, XN. Y¥. 10012 


Proviccace Bluc Print 
66 Weydosset Street 
Provideace 3, 2. I, 


W. H. Riley & Son, Inc. 
61 North Washixgton St. 


; North Attleboro, Mass. 


toe 


tne Statler Hilton 
Washing.on, Dd. C, 


F. W. Stewart Corp, 


4311-13 Ruvercwoad Ave. 
Chicago, lllinois 60613 


502 . 


3 (V0 ervere’ 
_ PX. 60R of 28) .. an we" 


te i! 7 ed . 
f om Anount 
Decerintion of Tren or Ser. Du. “ee Pe ~- 
. { . — 
gasoline 12/23/64 95.46 x. 
. 
travel 11/4/64 30.23 
travel - "gs 2225/64 25.50 
Printing & reprints 11/10/64 6.40 25 
bed “ 8 : BA7IO/64. 122.65 xz 
7a F « : 12/10/64 2isnG 
** office supplics 22/20/64 17.17 * 
addressograph work - 12/10/64 11.50 Ne 
oer te So ee 
RC: ieee re Gat of . : 78 : 
Y¥J4-4662 = Mobile Oct. 11/10/64 66.66 * 
‘695-3216 + October 11/10/64 15.07 " 
* 699-4608 = October sy 2/20/64 281.95 " 
electricity 10/8/64-11/10 12/1/64 8.95 
shop expense 11/10/64 4,06, '? 
4 CT Se eee ee cel, ae ge ee 12/10/6 eated: iat 
te ee ae aS ee 12/10/és  $.15 ' 
s floors cleaned 11/25/64  32.C9 2: 
" " (12/10/64 16.00 = 
ty aircraft fees” : 12/10/64 7.00 X. 
office supplies . . 22/25/64 10.92 N 
" oh Ti a “' 0 $afie/ee 2,50 
fuel oil ey Ri. 29,86 
rm ” + og Re gee 12/21/64 25.61 
lédging "38/23/64 88.92 
Flexible shafts 12/4/6< 42,80 
. . ’ . 
e ? ‘ ; ) 
' A [PX 60A,*p 41] ° ‘ 
Be gts Oe 


Date of 
Invoice 
—_—_---- 


11/9/65 
12/11/04 
"2/04 
13/19/04 
22/10/65 
11/17/64 
21/27/64 


12/24/65 
10/21/6 


21/20/64 


12/1/64 


12/6/6<4 

11/29/64 
11/20/64 
11/20/64 


1/1/64 


12/13/64 


~~ 


10/31/64 
P1/30/ 64 


‘Yale Express System ‘freight 
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[PX 60 A, P 42) 


~ Schodulo A, Puge 
° e 12 , 
Nane and Acdress 
of Creditor Descrintion of Tten or Ser, Due Date 

Tho Singer Company Antieskid units . » 12/9/64 

321 First Street SK's, Vé's, & adapters 12/22/64 

Elizabeth, New Jersey Misccllancous parts 12/12/64 

SX's, Va's, & sdaptors 12/16/54 
Molded adapters 12/26/64 
machined adapters ; 12/17/64 
adapters . 12/27/64 

Stone Ends ; Meals : 12/10/54 

Broox Strect : . e “ 

Attleboro, Mass. “ 

Tasca Ford Sales, Inc.Shop expense — . 11/10/64 
777 Taunton Avenue ; ; ; 
_East Provicence, Re Te | , none 

Texaco Inc. _ gasoline, . 11/30/64 

130 East “43rd St. 2207 ea ys ese 

New York, N. ¥. 10017. ; Se: °. ars ¥ ; 

U. S. Corp. Company statutory representation 12/1/64 

50 Broad Street. ES . ; 

New York, N. Yl. 10604 iam ins 
(United Camera Inc.’ office supplies 12/10/64 

297 Elmwood Avenue Verizax supplies 12/10/64 

Provicence, R. I. 02907 " " nice ee .12/10/64 

sate ve TL. 18/20764 

Western Union telegrans ee re 

Attleboro, Mass. TRA oks Eat tg ee i ts , 


. 


41/13/64 
P. O. Box 6009 re: ‘ 


OM 2g 
J 


” 
- 


Arount 


Dues + Terme 
oo. —_—_—_— 


700.00 Nat Cs 
8,607.70 ” 
225.60 
69.60 " 
20.Co "° 
7.c0 * 
15.60 " 


15.80 " 
12.83 
25.61" 
"35.06 - 


16.50: * 
88.65 " 
14.85 " 
(11.85)" 


16.72 " 


New Yorx 1, NX. Yo ; eae os + 
J. Ae Krawezys 3 retroactive wages through 11/4/64 1,644.48 " 
R. D, Maine2li - +73 “Sita. 2 eat eg ee * 465.50 " 
§. Karp Re) Ee 7 = _ piles ‘« 1,950.00 " 
r Di Benedetto « | Pe a as or "363.43 " 
_F. Perrino Ed : ' TAN di Sau : ” $,028.80 * 
A. Potit We fe RNS ee 
D. Karp ep aL hy, Ogee Tao rie 125.00 * 


G. Dienes " eg ee - ae 1,915.40 
Payroll } through 11/23/64 - gross 6,187.11 " 
Internal Revenue Ser. Excise tax - Oct. ; : 12/15/64 47.91 * 
174 Zpswich Street “ « «= Nov. 12/15/64 1,059.23 “ 
Boston, Mass. a eaat ' 
e ‘ P z gre “is . . 
Payroll taxes - | *Novenber . 12/20/64 595.57" 
Bluo Cross , Novender = : 22/20/64 224.90 * 
‘ ' ° : b-t es ws aa te 
‘ . Sub-total, pocoo 1-12 $85,312.66 
. ° ee ‘ > ‘ . 
. oe [Re GOA, p 42] . 
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CE Ren 121986 - . eae) 
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we 
- ™= . -- & 
© +O, Os = om. ze 
a terrane . ad - o 
- = 


Deseriptica of! .. /.° ie Oaiginet te agai z ‘pater a, ‘o>. 
Rie a ea OCR “2 $20,868.00", 48.00 "Syed Sane 


tetas | 


' 


@e bed e ¢ * ‘. ° 
et0e 00 © te Ot O86 Oe 8 008s ttm enter 


L2venced Control Syste=s Forner Dealer - ’ 
3iS Harverd Street P i ee 
Sreckline, Esse . oh = -o 


G.0.Cc. Leastag saisialiaiis Leasing of Seemectens: 
G.D.C. Lezsing Corporation. Leasing of mont sons 


WSO State Street -- ‘ Re 2. es 

Eosten 9p, FasSe ae ri, Cuee ae ee eR “ og ee : 4 Pata 

Sa2}1 Rusiness jdninetretion F Scull -basiness Joon, es Aga , . 783.00 "£24320.09 

L793 Atlsatice Sverue - . Ser Fe ne pty Beteg meee BOE tee fea FG Th cat site ; ;.% 

Boston, esse +. Ces et et ee are ae eg Se P AIS Mid Boca aa a ta eles pa ‘. 
6 a ® ° e a 3 i 3 * rae No Se es Sie 93 ae ‘ ; 7 of . . + *. . 


p 4a 
f 


“‘Hetes Pasetie < Stocholders Eats Bats i tit ee eM ARES S Be thot . : ; a? 
- . ¥incenss Fente : eeu aa Mi FE ed Cosa Ree * ste. a 10,699.09 fe 
: eres Pen’ Sekt e ew Le % ° - *" 3§,2&2.03 °.. 
Ps 


« 
°o 
re) 
cal 
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J.4. Besvetye...° ° : SRE Ghee it gts tat ® Ree he “ 
Frick of Zenedetto * ies S tees Note. as. step * eR 5 Os 000.00 / va 2,000.00 » 


a Seinen is 
ae 3, 27 waits 


> . 
06.8 0° 


Révence tillings to a 
tochholéers z 


ogee 


tell dete 


Niierer Dealers. : 
ne tg S eerehise ut. esate TR Lon tae / cakes “notes payable’ " 12% 3S" “ae 
SH MoE Sud-total, pxczS L-12. $,312.66 
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\ £i7- gh net a 1 ’ Sohodwle A, Yaco 14 
esa _ «PERMA REGFANGH ALD DVELOPHENT CO. 
[™ 6 gt PUAMINGE GDA COLT EATS , ° =e : 
wea qe LOOYTAACTUAL, GMLTCETIONS) OO nS 3 e- 
ee . ‘ su i6 : s * 4 e . - 
Rous a : . ‘ - PSo4e . 

, wae. 3 ° : ry Amount | 
Dato of ; Suppiior's Kamo + Description of of ee 
Pf, ; ‘and Address . Item or Service as Conm{ tment, Jlunder 

. t . 


9/13/64  Cinocom » Se Pine & ear’ ages $204.00 "001592 
4, _ +, 969 S. Birch Streot . : , i» 
. .". Donver 22, Colorado ioe e Ps mae a ie a 


‘ e e * 
cutie are Denic) gs COs “4, + ut down adaptor ohalt 344.00, "001639 
eo Danic’ Conn. _ ag : f RP ee Ae oT *e 
es/es **.mantoh, .Mfgp. Coo 158 8 8 Ce *t  @he00* 00622 
*.» Danioloon, Conn. neta fl OF tas .: . 
ee fy ‘e 4 


elsif “ -_ Cinceron Laboratories **'25 copios of 6M . . rare 
. , 4075 Transport St. fole: sound .filn 937.50 001661 
” Palo Alto, California; - Pe <a? Cae weer 


22/2/64... ‘Tho Singor Gung * -adaptors LR ee  oo1671 
. «+ , , © 922 First Stroot : i genta oem aaa 
° Elizaboth, Now Jorsoyv*—- epee eee al Pas! 
23/9/64 .~ Industriel suppliors “vk antonnas 4 4c 20060" . “omn675 
_ 4 . 955 Folsom Stroot sy “i Se: ot ae aie : 
a. a ren Wee ere ae Pe is ae Ses a ae 
a 
iy “ rm 


ee ae . See se OOga 


7 . Ae de se ; . Gchodule Ay pe 19 
ae ae s e ¢ ee eS % ° o e* 
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sett te "PERMA RESEARCH AND DEVELOPNENT COMPANY 
e ° + > . 4 
On ee a Distributor Contracts ° 
. + " ‘ ‘ . ° ‘ ‘ ‘ 
%* . e . 


ee .- dy Wnoiesaie distributor .acrooment dated 
ee te "Apraz 15, 196% by and botweon Perma Rosoarch and 
‘’ fr, _ Development Company and Thomas i. Coultor of Dos 


i Feta Hoinos)" Wie * pi . sae 3 


; as ‘| “2e Agreemont datod August 4, 196% by and 
‘ Ree: ol 


on Perma Rosearch ond Dovolopmont Company and , 


‘ * Monitor Entorprises, ‘Inc. : 
os Sle es 2 7 Be Agrocment dated duly 24, 1963 by and 
DS os , dotwoon Porma ‘Rosoarch and Developmont Company and 


be ee "Bdward B. Wright, Jr (signod vy "Car Controls, Inc.) a8 


; oe tae aeath. “Wholesale distributor agreement datod 
zx oe fe 8 May - 1964 by and betweon Porda Roscarch and Devolop= 
Pe er ea 
; 4 ee : mont Company and Janaro Equipnont Cou, Minnoapolis, “a 
me oe ie - ‘ ° 
“ae ee “Minnesota. °° SGU iene ae vee ae ie ane 
ae, e illeeg ako ; Og ce ce bee ce cme * es ar . oe omy 
Bi eae seam apt ye 
» : .s : a P ee bs % % = 
oe ae 3 ° - e@ . . 3 be . 
’ -@ ‘e @ . . ” ° 
i - a 2 4 .° "e * ‘oe i 6% 
4 ¥ ‘ : re re ae ‘i % i“ . o ae ae 
q . * . E te ve ” Be . ° + ee "eo, . 
8 i ee 2 ae a sae er oe 
i s : r tee . 2 ass ‘ a e . : of a s 4 aoe ? 
} i . a ; er, * . Me. ° * : Py © 
e e re - a rere ‘. y : td . 
‘ , .° z + a , : ; ” 
® 1 ~~ .@ a ad *e ¢ 
. . ° ry * . : ~. te 3 . . ae cs 7 ‘ 
Oe St ke dene he te eH ES ch Ph 
ft 7 ; ee . . < 0: ¢ ° : : + 
P Bet eo ; hee 
e - e, #% e i @e 
e “ ; e % ° . . ° ‘ es w 
° + ~  & a! - . 
Can Te ee ae Og i i oe 
. ee ‘ . er ae : 
7 . : « *,’ lt yates ? i a 
. ® ~ 2» 
® . "e * . : * . ° 
. 7% « (* E-507 o % ° a 


<j Tie ° F— 508 = ne = Eisg 
Jsuu 50. Grane. Booth for Show “4 * 3-23-64 49.55+* Nee Cash 
Los Asccles, Cal, , - 
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S > PENA RESEARCH AND DEVELOPMENT COMPANY ” 
ae A 's PRoMssony NOTE ths 


: é ‘ . & . . 
8 209, i: ty bias ae ene ".  Docombor 21, 196% 


FOR VALUE RECEIVED, PERNA RESEARCH AND DEVELOPMENT 
‘ COMPAITY a corporation organizod and oxisting undoy tho lave 


: _ of tho Stato of an does horoby promiso to pay to beet is: 
“ 
or * of tho — were a) riage Ue f rf a, ; 


& ° 


{HB SINGEN COMPANY fy ha) 
. oa saasrauhsecabigt and oxtoting undor tho lawo of tho 
* Stato of New Jorsoy, on Decembor 20, 1969 tho bum of TWO 

” HUNDRED NINE THOUSAND 6IX MUNDRED NINETY SEVEN «ud 13/100 
*, DOLLARS ($209,697.13), without dntorost. Thio note or any 


portion thoroof may, at any time and from tino to tine bo pro= 
" paid without ponalty. ae ie erg 


a . Pa . : : . * : « . i 
“0 40 os. . e a 7 ° ee ¢ ai ; 
aie ee we “t's © "PERMA RESEARCH AND DEVELOPMENT COMPAL 
¢ P . *, ¢ eae ee , ie ‘ i. ; e — 
es ; ; wating s 
* ‘ : P 
; a8 s f By, a tener en ste ea raleen ea 
a . : ° dun Ys a ri . ee . a Prouidont ’ 
. ye CY e bog e cas - Pa a ie = . I 
ve! ° ee es . . “ats . e 4 ’ ’ 
e* oe e %, . : “ ° e ; ° e- 
~ 5 me o-%@ . ort - si a . d co ow. e Pl 
ae ole Ca oh ee ae rut, oe ; : : 
. “4 e re By Me . ° e! rd * bd ' 
© ° iy 7 A te —" es ad bd és big eo i F 
“had 1 of, F Ss Gh oe “*pge *} °° . %@ 6 e 
‘ Pre ae *@, P - e “ e? all . e ‘ 3 ig 
*. re 7 2 e , : e e* “° ? e » a *. . - e 
° a e -906 9 re ° : $ e ¢. 
e 3 : a , Py “ ! af i * : : v%. re : ” ° . 
* ; sens Sh . . : . ones ‘ aL Sa . ° . 
e oi a a , ae ° 
“by ° é #4 ete 4) °. a . i 
: * a bd “e* Oh ° ¢. —-_ 4 ? % ie . ‘ sits 2® e 
2 © “ ° ss i il ve bi mi . e% “4 . . ; a” ° ‘s : ; 
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ACHERMENT, dated tho duy of Duconbor, 1yc'r, 
‘by and, botwoon time SINCER CONPAIY ("S incor"), 4 Now Jorsoy 
corporation, and PENIA nSHANGI & DEVELOPMENT conranty 


X"Porma"), ‘Shavers corporation. 


' ME TTT TTT iLe : et a 
WIIEREAS,, Porma hag simultanocously horewith con-  ,, ° 


_. woyod cortain patontr .. ratont applications rolatinc to j 
tho united States and dion rights in tho "Porma Anti~* 
Skid Control" (tho “product"): and: cortain toolo used in . 


stho een? thereof and ae eS " 


v? - sqteneAS, Porma has sortain tosting facsiitios 
ten for tho Product and know-how with penpees * tho manufactures 


marketing and uso of tho Product, 
> . : 
NCid, TMERETORE, in consideration of tho promises, 
6 


" the partios ‘agree as forlovs: 
if: "he -porma shall, at tho wie of Singer rondor 
- See ase: stance to Singer which shall inelude assiot= 

ng, con: wulting: ond cooporating with Singort Saute eae 


cae : a) in tho adaptation of tho Product for uso 


on a2 make % of automobiles and trucks and alt typos city 


os ' of motor voniclos of ovory kind and doscription; 
“! m¢:)) an tho ‘proparatiion and dosigning of aravings) : 
-,  daduo en “doaign choots, ‘billo of matorsol, opesti 
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Cfications and tho liko from which tho Product and 


$3 various compononts can bo manufacturod, and tho 


proparation of cimilar docwaonts and matorials froa 
o 
: ih, Which tho manufacturing oquipaont, tools,, dios ond. 
dl 


tho like can bo mado for uso in manufacturing tho 


Product; ’ 


_ re (c) dn tho continuing dosign and ongincoring 


“and improvemont ef tho Product and of the oquipment 


. for manufacturing tho samo and in tho sotting up and 


Oporation of such oquipmont, including advico rolating 


. to, tho ne ture and sequcnco of manufacturing oporationss 
” de ee 
ee i eae in the markoting of tho Product;-and 


(0). dn tho dosign and manufacturo of prototypes 


=f tet... Se rerio now nodols of tho Product for uso on various 
; os P of "  “modols of autonobilos, trucl:s and othor motor vehiclos. 
pias . re Paes ‘' Porma shall.sond qualified porsonnel to tho 
Bn a manufacturing facilitios of Singer or such othor placo as 

wt * ‘  SAngor may designato fror timo tic timo at Singor's roquost 
, ee ie An connection with Porna's obligations undor Section 1, 


Tho roasonable travol and living expenses of any such por= 
ee : sonnol shall tie paid by Singor. Porma shall during tho timo 
> ¢ ‘of this Acgrooment mako tho sorvicos of Frank A.-Porrino . 


*'+ available in connoction with its obligation horeundor,. 
e ‘4 . ac al 3- Porma shall train soloctod omployoos of 


a J Sing or at tho plant and the fooilitios of Porma with ro« 
eit | spoot to all ~ of tho manufaoturo, inotallation, 


Ae eres Pe See aed 


ea kd i ee ee tee See ‘eee ace ee Le ee Dime o= oo te eee 


markoting and uso of tho Product. 

4. Porma chall inotal2 tho Product on tos: cara 
providod by Singor or Porma and shall porform tosts thoroon 
at tho tosting factlitios of Porma as roasonably roqucstod by 
Singor and shall roport to § gor concorning tho rosuts of: 
such: tosts. ae g 
ee ea ; gy sincor shall pay Porma $9,800 por month in 


i monthly installments. in advanco for tho services * be pore ‘ " 


aa J formed by ‘Pevns horoundor. ake ea aie ea me a 
\ : ar er ae aL This mestaaaiete shold commonco upon tho cate 
L, ‘horoof and sh-11 continue” for a torn of oix months. <a 
Fy ag 7 ® e $ ° ’ 7 ~ 
: He “oe g bs *. : “ F z. i Sn et ey dae . . « e e 
ca ae . \.2N WITWESS-WHEREOF, tho partios heroto have exoe: =" 
“eT euted this Ggroomont as of. the dato’ first above writtan. . p 
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PLAINTIFF'S EXHIBIT 62 Rie 
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MANUFACTURING DINISION ‘  .PR: AM 


¢ 
January 7, 1955 ; tid 


LN, 

“8 tarcaf ail 1 \ 
LAWRENCE GiiEENRERG@ Vtg a\ 

Mr. Ss. J. Murphy £ P \ f : 

The Sin er Company arg , : 

321 First Street tye ; 


‘Plizabetn, Mew Jersey 
Dear Mr. Murphy: 


PaRMA ANTI-SKID PROGRAM ; ‘4 
Mr. Houzh has asked me to document sertain points of emphasis which vo have 
@iscusscel fre: tine to time durin; the nevotiations with Perna, which are 
enuxeratcd as follows: 


1. One intividual should b2 responsible for the entire procrea ena 
hy sermltnatiou ef ell aspects thereof anf be answerable directly 
to the manayinsg director. , 


2, The Per. vrogran is of sufficient ra:mitule and complexity thet - t 
the responsible desiimze should have no other dutics or responsi- ~ 
bilities at least for the first full yeur of operation. ; * ve 


' , 
‘3, We have in this }rovren on investzent and cemitnents enounting 
to sonsthing in excess of one million dollers ard in view of this _, 
it is of utmost important thet ve spend no edaitional moates ond 
generate froa cash flew as quickly as possible with the price sey 
objective to cut down this investzeny as rapidly os possible. 6. Ge 
4. Tbe product showld have ‘the full end enthusiastic suprort of the 
a £5 
factory. EB ae <8 ete cre, 
. 4 ae oe : 
5. At least for the first six ner.ths end possibly longer, close ilaison || “d, 
shoule be m2intaine2 witha Monitor for verious reasons. » atte, bidet Bt i 
: >? . , Bea ® 
a. Never cllew Menitor to want for product. : i TRC. og 
b. Assurance that Menttor is abliing dy ita agreesent a3 regnria . * lt 
mremotiona expenditures, ett. ; ea ee ae 
Ms Pipers 4: 


‘ ec. Cbserve wnt lewn problems of selling snd instcllaticn in the =: ae 
event that nueiier dfscrlouter micy be dasdired after one ysarte "eed 
; fe le Spete eR N 
ta TT Cur 
Ge. Aniicip vs regulvoconts 30 live stock to always avidl:ble. iiahs UE Pree | 
, SS Ae ih 


« te. 


eee 


Te Trocrsa protoetyning te provids broad coverazs of as siny auto - ya RAGES: 
ee eee Ab). ‘. °%, ay sete RTOS met rt, Hi *2 
be Sp atitt MA ST WRN Bot Sako A 
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ir. S. Je Murphy -2- f January 7, 19355 
a ? bs : att eee 
8 Keep very accurate resorts of tests in the event of Litt yation. : 
: » | 
9. Avoid using Singer nazz on product until satisficd product ' 
warrants use of nave and sane would be advantaj cous. | 
"10. Work the Permn service contrast to the fullest extent pos :sible to 
obtain the full salu: of this expniiture. Unaer this ayreecent 
we ere paying out $SCCO. plus fer month and we should make certain 
that we are gettin; $9000. plus zer sonth froa Pérma. Tais will 
in effect mean that x2 should kesp thea so busy that they never 
get a chanze to ceme up for wir ani drift off into other Ladaauees . 
which ore not of our conccrn. 
e . i 
li. Be faniliar with Shervian Anti-Trust areas as pertaining to 
territories ond pricin3;. 
4 i 
12. Check.and approve Nenitor's pronotional raterLal it our lead | : ' 
people so recozsend. ; . 
13. Prepar2 a set of enzinzering specifications around the sroduet 
with erphasis on its linitaticns umier a variety of conditions. 
In conclusion, ve have by the acquisition of the Perna Anti-Skid Device, 
gotten curselves into a prosran tant could very well be a big and profitedle 
piece of business for Blizaozth. By the sass token, if ws plow it we stund : 
to lose a substantial sus of money equal to more then holf of Elizabdoth's ‘ 
profit sotential, not to nenticn the fast that certain divisions ond officials Pe 
° ere watching this procraa with a Jouriiced eye, and therefore, it should have +. 
as nuch attention a5 8 sewin; tacnine Proyare ee ae 
; ae 
: est a 
‘ > & une ‘y | 
Ah aha i , 
N ae 8 
P. Paoelys ; a ce 
is, A as 
ce; Kr. L. 2. Hough, £.0. é gh ree beve 8h G8 
Mr. R. Kloby, Dlizab2th Sp tae ON er Nee 
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* PLAINTIFF'S EXHIBIT 63 . i . : | . 


al Sa 

: * ail 

February 17, 1955 : A pith 
; 5 Miah H. oe. 3 ee 
, + GORAK, REPORTER 


‘Hr. P. Phelps, Manager * . ; P P (IS ye : 


Marketing & Diversification 


The Singer Cozpan; ‘ 
Manufacturing Divicsioa nf f pe 
30 Rockefeller Plaza J 
‘Now York 20, licw York gto’, oe ube weet 
Perma Anti-Skid Prosran 


Dear Mr. Phelps: 


In reply to your letter of January 7, 1965, ve prasent the 
following inforastion regarding the itexs contioned: 


1. Mr. Robert A. Kloby has been naced Manufscturing Maneger 
for Peria. In this capacity he answers directly to 
Mr. John Fecko, Manages of the Ceneral Fabrication Divistca. 
Hr. Klovy is respous.2.c for the entice product tins, walcs 
ineludes carketing, production and enginsering. Mr. Kloby 
will continue to report to the Division Nanager of tae 
General Fabricctioa Division until such tine the product 
line growth indicates that it shoule be a separate uivision 
within the factory. : 


| 
. 


2. Mr. Kichy will have so other duties other then the full 
responsibility of the Perm Program. 
° 3. Every additional expenditurs for the Perma product lina is 
being scrutinized thorougaly by this officc. to additional 
monies are being spent unless cbsolutcly necessary, fa 
order to control our total investzent. 


4. The Peres preduct kas been publicised and enthustasticolly 
received by all persona2l in this factory, All perscenanal 
- gssocizted with this product line are mcking every effort 
to sec that it ccntinuzs to grew. ; ° . 
% 


In ord2r to siv2 you a wore concise reporting on items 5 
throws: 12, wo have asked Hr. Rleby to prepare an sasver based on avents 
to date, a copy of which is atticnad. : . 

e 


6.425 [Px 63, p 1] | 


5 Please rest assured that every effort fs being made to see . 
that the Persa ucit etAll be prafitcdle and wlll grew to a peint vhere 
dt will be a rajoz contributor to our profits here at Elizebetn and 
to ths Manufacturing Division. =? i 


Yours ver) truly, 


ome oso. Carl W, Brocker 
Assistant Generai Hanager 


CWBshl- ed eae 


Enci. : 2 . ° 
‘4 ° Sie er ° - J 


Co: Mr. L.E. Wough 
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RE EXT L 
ree cate 3 [tae 


LAWRENCE CRCENVERG 


AOGUERMENT dated the 16th day of January, 1945, 
by and between TIT SINGER COMPANY ("Stinger"), n New Jersey 
i corporation with principal offices at 30 Rockefeller Plaza, 
New York, Yew York 10020, and MONITOR ENTERPRISES, INC. 
("Monitor"), a New Jersey corporation with principal 


offices ac 22 East land Street, New York, New Yark 10917, 


& @ Ld 
[PX 64, p 1] 
PLAINTIFF'S EXHIBIT 6: 


KLITXRESSETH 


i i¥ WHEREAS, Singer 1s the owner of United States 
and Canadian rights in and to a certain invention or 
device (the “Perma Anti-Sxid Control") to contrcl braking 
skids in certain vehicles (such Perma Anti-Skid Control 
and any improvement or modification thereof being herein- 


after referred to os the "Product") 3 and 


WHEREAS, for convenience of marketing, the 


Product is divided into three components, to wit: a 


Static Kit, a Variable Kit, and an Adapter; and 


“ WHEREAS, Monitor is desirous of becoming the 
sole distributor.for the Product in the United States, 


except as herein p-ovided; and 


WHEREAS, Singer desires to be assured of the 
services of Joseph W. Kelley in connection with such 


Aistributorship, 


NOW, THEREFORE, in considoration of the premises 


and for othor good and valuable considoration, it- is 


*. 
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agreed ns follows: 
1. (n) Grant. Singer hereby mrants to 
Konttor upon the terme and conditiona horeinaftor 
set forth the exclusive distribution and marketing 
rights in the Product in the United States of America, 
subject to the respective rights of Singer and the 
distributors under the *.: lowing contracts: 
1. Wholesale distributor ngreement dated 
April 15, 196% by and between Perma Research 
and Development Company and Thomas H. Coulter, 
Des Moines, Iowa. 
2. Agreement dated July 24, 1963 by and 
between Perma Research arid Development Company 
and Edward B. Wright, Jr. (signed by "Car j 
Controls, Inc."). . 
. Wholesale distributor agreement dated 
May 1, 1964 by and between Perma Research and 


Development Company and Jandro Equipment Co., 
Minneapolis, Minnesota. 


fb) of Pri rreement. The 
Agreement dated August 4, 1964 by and between Perma 
‘Research and Development Company an’ Monitor, the rights 
and duties under which of Perma Research and Development 
Company Singer has succeeded to, is term!...ted simultane - 
ously with the execution of this Agreement without liability 
of cither party thereunder to the other except any liability 
of Monitor for payment for Products delivered by Singer 
pursuant thereto. 


2, Promotion. Monitor shall continuously sell, 
market, promote and advertise the Priduct throughout the 
United States and shall at all times employ its best 


efforts and devote its full time and resources in connection 


t 
nm 
t 
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therewith. Monitor skall incur direct out of enetnt 
promotionnl and adyertialng expenses on behalf of the 
Product of a minimum of £250,000 in each contract’-year 
during the term of this Arreement. Any such expenses 
in excess of $250,000 in any contract year shall not be 
available for credit in any subsequent contract year. 
"Direct out of pocket promotional and advertising ex- 
‘penses" shall be limited to expenses of Monitor on behalf 
of the Product for time, space, production by third parttes, 
direct mail, brochures and similar advertising materials, 
amortization over tie useful life thereof of expenses for 
films concerning the Product and rental of or amortization 
of the cost of movie projectors in connection therewith. 
Monitor will devote the services of a atubuas at eight 
full-time employees, including Joseph W. Kelley, Highland 
Lakes, New Jersey, exclusively to the m rketing, adver- 
tising and promotion of the Product. Singer through its 
authorized representatives shall have the right at any 
time to examine the books and revords of Monitor relating 


to the Product and Monitor's marketing, advertising and 


promotion thereof. In the event Monitor's initlal mini-~ 
mum purchase requirements hereunder in any contract year 
are reduced, by operation of the last sentence of Section 7 
hereof, by over 25% of such requirements, Monitor's minimum 
direct out of pocket promotional and advertising expenses 
for such contract year shall be reduced by 25%; and in the 
event such purchase requirements are so reduced by over 


; 50%, such minimum expenses shall be reduced by 50%. 


‘| 


~ 
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3. Advertising Materinl. Monitor shall in- 
corporate’ in all advertising and promotional materlal 
the name “perma Anti-Skid Control" or such other trade 


name as Singer may establish from time to time, and 


Monitor shall identify, offer, sell, advertise and promote 


the Product only by such names and trademarks as may be 
authorized in writing by Singer. For purposes of pro- 


tecting Singer's valuable trademarks and trade names, 


Monitor shall submit all advertising, promotions and 


’ public relations material naking reference to "Singer" or 


any other trade name or trademark of Singer to Singer in 
advance of use for Singer's approve 1 and shall use only 
such material as is approved by Singer. Any such material 
so submitted which’ Singer does not object to within ten 
(10) days of such submission shall be deemed approved. 


4, Acknowledgment. Monitor agrees that all 
patents, trademarks or copyrights now or hereafter ob-. 
tained by Singer or its successors or assigns relating 


to the Product or ‘the manufacture thereof shell be the 


. exclusive property of Singer. Monitor will not dispute 


-the validity of any such patents, trademarks or copyrights, 
or Singer's title thereto, and will not eid others in 

doing so and will not avoid or attempt to avoid its 
‘obligations hereunder because of any asserted invalidity 


or contested ownership of Singer thereto. 


5S. Infrinrements. In the event that Monitor 


shall learn of any infringement of any of Singer's patents 


_ on the Product, Monitor eae notify Singer thereof in 


: E-520 ’ [Px 64, p 4] 


we 


_ of infrinrement. In any in. singement suit which Singer 


‘cooperate with Singer in all respects making availnble 


factory invoice price to Monitor on all such sales to 


, to its OmplOyeess its subsidiaries, employees of sub- 


chase for resale in the United States a minimum of 50,000 
units of the Product available from Singer in the first 


(Px 64, p.5] 


writing and provide Singer with any available evidence 
may institute, Monitor shail, at the request of Singer, 


to Singer all relevant records, papers, information, 
specimens and the like and make all reasonable efforts 
in good faith to secure the testimony of Monttor' 8 em=- 


ployees and other evidence available to it. 


6. nal Equipment anufacturers: Em es. 
Monitor shall continuously use its best efforts to make 
sales of the Product to manufacturers of motor vehicles 
("Original Equipment Manufacturers"), Singer reserves 
the right to make sales of the Product direct to Ori inal 
Equipment Manufacturers at factory ‘invoice prices deter- 


mined by Singer, but shall pay a commission of 2% of such 


Original Equipment Manufacturers. “Factory Invoice Price" 
means invoice price less Federal excise tax, sales tax, 
discounts and shipping costs. Singer further reserves 


the right to make sales at prices determined by Singer. 
sidiaries and a limited number of other persons having 
close business relations with Singer. 

7. Minimum Purchase. Monitor agrees to pur- 


—_—- 


contract year of this Agreement at a purchase price of 


$51.00 per unit for the Standard SK Model and Singer's 
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factory Ltlling price to distributors in effect from 
time to time on other models of the Product, ¢.0.d. 
Singer's manufacturing facility, to be delivered at 
Singer's manufacturing facility in accordance with 
Schedule A hereto.- Jn addition, Monitor shall purchase 
such additional number of Variable Kits and Adapters 
and other spare parts as necessary properly to take 

* care of the needs of the market. During said first year 
of this Agreement, the purchase price of the components 
of the Product, £.0.0. Singer's manufacturing facility, 


. 


shall be as follows: 


Sta: ‘ard SK 
bode) Other Models 

Static Kit $44.55 Singer's Factory 

hc Billing Price to 

’ Distributors In 

, Effect From Time 
to Time 
Variable Xit ee 5.15 tee 
: Adapter $ 1.30 " " 


Spare Parts Singer's Factory Billing Price 
to Distributors in Effect from 
Time to Time 
Payment terms for all Products, components thereof and 
z spare parts therefor sold *o Monitor shall be thirty 
days net. If Singer fails for seven consecutive days 
to deliver Products in -ecordance with Schedule A ate 
tached hereto, or any delivery schedule applicable to 
any subsequent contract year of this Agreement, the 
minimum number of units to be purchased by Monitor during 


‘ such contract year shall be reduced by the number of units 


which Singer so failed to deliver according to schedule. 


8, Spare Parts. In recognition of the Lrperntive - 


Le =. 22 [Px 64, p 6] 


Monitor in tho subsequent contract year and Singer's 
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need for quality control and proper installation in 


connection with the Product, Monitor will market and 
sell only thore spare parts for the Product which have 
been authorized and approved in writing by Stnger. 
Monitcs will include a provision similar to this pro- 
vision in any sub-distritbutor and dealer contract 
relating to the Product which Lt may execute and simi- 


larly require any sub-d‘stributor to do the same. 
. 2 


9, Term and Renewal Option. The term of this 


Agreement shall be one year from the date hereof unless 
renewed in accordance herewith. “Contract year” 4s used 
herein mean; © period of one year from the date hereof 

or one year from any anniversery date hereof. If Monitor 
43 not in breach of this Agreement upon the expiration 


of one (1) year from the date hereof, Mor‘tor sl 


_, the right to renew this Agreement for an additional con- 


tract year. Exercise of such option shall be effected 

by written notice to Singer delivered at canst sixty (66) 
days prior to the expiration of one (1) year from the 

date hereof. In the event Monitor exercises such option, 
it will purchase a minimum of 100,000 units of the Product 
in the second contract year of this Agreement at Singer's 
factory billing price to distributors in effect from time 
to time in accordance with a delivery schedule to be . 
agreed upon by the parties hereto. Singer shall give writ- 
‘ten notice to Monitor ninety days prior te the end of the 
second, third and fourth contract years, if any, of the 


minimum number of units of the Product’ to be purchased by 
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: | initial factory billing price to distributors therefor. 
Monitor shall have the right, in the second, t’’=d and 
fourth contract years, if any, by written notice to 
Singer delivered sixty (60) days prior to the end of 


the contract year, to renew this Agreement for one (1) 


' 

i 

year, 1f Monitor is not in breach of this Agreement at 
i such time or et the end of the contract year, and Monitor 
| sha}l be required to purchase in the contract year to 
which such renewal {s applicable the minimum number of 
units specified by Singer in such notice at Singer's 
factory billing price to distributors in effect from 

time te thine in accordance with a delivery schedule to 


be «; 


reed upon by the parties hereto. 


10. Models. By August 1 of each year during 
the term of this Agreement, Monitor shall give written 
i _ notice to Singer, listing each make and model automobile 
- for the siibsequent model year which it wishes to be ; | 

prototyped, in order of importance to Monitor. Singer 
shall, within six (6) weeks of public introduction of each 


: such make and model, notify Monitor of its progress in 


prototyping such make and model and will generally consult 


from timo to time with Monitor with respect to availa- 


ae ee 


bility of a Product for various new makes and models. 
Singer shall provide a list, which {t stall keep current, 
of all. vehicles by make and model (including model. year) 
| for which a Product is available, and Monitor's minimum 

j purchase requirements hereunder must be made from such 


list. 
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ll. Standards. Monitor shall confarm to 
standards and technical instructions from time to Lime 
{ssued by Singer with respect to instalintion, service, 
maintenance, repair and replacement of the Product. 
Monitor will insert a provision similar to this provision 
in any sub-distrioutor and dealer contract reinting to 
the Product which it may enecute and similarly require 


any sub-distributor to do the same. 


_ 12. Default. In the event of failure on the 
part of Monitor to pay any suns due to Singer, and such 
failure shall continue for a period of thirty (30) days, 
or in the event of failure on the part of Monitor to 
perform any other: of its obligations hereunder, and such 
failure shall continue for a period of thirty (30) days 


after notice and demand by Singer, or in the event that 


Monitor makes an assignment for the benefit of creditors 


or files a petition under any bankruptcy or similar law 
or such a petition is filed against Monitor and not 
vacated within thirty (30) days, this Agreement shall 
{mmediately be subject to termination by Singer at its 


sole option. 


13. Warranty. Singer recognizes that Monitor 
is relying on Singer's skill and judgment in the design 
and manufocture of the Product and Singer warrants to 
Monitor that the Product shall be free from defect in 
design, materials and workmanship, that Singer's instruc 
tions for the installation and application of the Product 
sholl bo Creo from material defect and that the Product 


rT ‘ 


v 


; “9° 2-595 [PX 64, P 9) 


. a °e e aA e* °. 
e . *. s e €*Ali _ ee [PX% GOR’, p 49)" . 


* * Seo o — 
pa ES. 0 © Oetens ceeee emmem: af ae: ss 
“ ’ 


' 
Jj 
‘ 
‘ 
t 


el ee ee ee ee ee Seen 


E-512 [PX 62, p 1] 


(Px 64, p 10] 


4g merchantable and is fit for the ordinary purposes 


for which the Product is used, and makes no other 


warrantios, express or implied. Singer shall also 

warrant to ultimate purchasers of the Product for one gal! 

year after installation that the Product shall be free 46 
from defect in design, materials and workmanship, and 

shall make no other warranty to such purchasers, express 

or implied. Ifa claim is made that any such warranty (s 

breached, the Product or component thereof shall be shipped 
prepaid to Singer's manufacturing facility with adequate 

evidence of such breach and such Product or component 

thereof shall be repaired or replaced. Singer shall not . 

be liable for ‘any loss or damages to Monitor or to any 

other person arisin from any delay or failure by Singer to 

meet, the delivery schedule set forth on Schedule A hereto 


or delay or failure to meet any other delivery schedule 


‘ hereunder or orders of Monitor for the Product. 


Ws. Indemnity. In addition to Product replace= 
ment referred to in Section ce Singer shall indemnify and 
hold harmless Monitor from and against any and all claims, 
losses, dafages and liabilities to which Monitor may 
become subject ‘and reasonable expenses ineurred in the 
investigation and defense thereof insofar as such claims, 
-losses, damages or Liabilities arise out of, are based 
upon or owing to & breach of Singer's warranty in 
Section 13 hereof or Singer's negligence. 

Monitor shall indemnify and hold harmless 


Singer from and against any and oll claims, losses, 


damages and Liabilities to which Singer may become subject 


« & See 7 
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and reasonnble expenses of investipation and anteune 
thereof insofar as such claims, losses, damaren or, 
LinabLiltios arise out of, are based upon or owing to 
any warranty made by Monitor, its sub-distributors or 


dealers of greater scope than those made by Stnger in 


| 
| 
| 
i 
| 
: Section 13 hereof, negligence of Monitor, its sub- 
distributors or dealers or any alteration or misapplica~ 
tion of the Product or failure to follow Singer's instruc- 
tions and specifications by any of the foregoing. 
If any ection or proceeding shall ba commenced 
; ‘ against or any claim, demand‘or assessment be asserted 
: against either party in respect of which such party pro- 
poses to demand indemnification, such party shall notify 
the other party to that effect with reasonable promptness 
and the other party shall have the right to assume the 
entire control of the defense, compromise or settlement 


thereof, including, at its own expense, employment of 


counsel satisfectory to such party and, in conrection 


available to the other party all pertinent information 

under its control. The party claiming indemnification 

may, if the indemnifying party assumes control of the 

defense, nonetheless participate in any such action or 

Fi adaaicuains at its own expense, and the tn.vaaifying 
. " party shall not be liable to the other party for legal 
and other expenses incurred after giving notice of its 
election to assume control of the defense. 

Monitor and Singer shall each give the other a 

cortificate of insurance certifying as to coverage of 


. therewith, such party shall cooperate fully to make 
| 
| 
| 
{ 
( 
' 
‘ 


ell-= , ‘ ; 
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Claims for which indemnity is made by such party in the 
minimum amount of $5,000,000. 


is. Richt to Repurchase. In the event of 
termination of this Agreement for any cause whatsoever, 
Singer shall have the right for thirty (30) days after 
such termination to purchase al® Products, components 
thereof and parts therefor in the inventory of Monitor 
at the time of termination at the price paid by Monitor 
therefor less a handling charge of fifteen percent (157) 


of such purchase price. 


16. No Agency. Nothing herein contained shall 
be construed to constitute Monitor an agent of Singer for 


any purpose. 


17. Assignment. This Agreement shall not be 
ass.gned by Monitor voluntarily or by operation of law 
and any attempt by Monitor to assign this Agreement shall 
immediately give rise to an option of Singer to terminate 


this Agreement. 


18. Notice. Any notice or communication under 


this Agreement shall be deemei: to have been duly given 


if mailed by first class mail, postage prepaid to the 


other party to its place of business herein set forth, 
or such other address as may be furnished to the othor 


party in writing. 


19. Entire Agreement. This Agreement constitutes 


tho entire agreement between the parties hereto and may not 


-l2+ {Px 64,. p 12) ‘ 
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be modified or changed except in writing. 


' 
20. No Watyer. No failure by either party 

to take action in respect of any default or breach 

hereuncer shall be deemed to “5 a waiver of any pro- 

vision of this Agreement and no ‘waiver of any default or 

breach or failure to take action shall be deemed to ex- 


tend to any future default or breach. 


IN WITNESS WHEREOF, the parties have executed 


this Agreement as of the day and first above written. 


™ omer COMPANY 


py 2/4»: FT Mrseluy 


- Witnesst : aD eatetent voee oo 


df lokut fh. Dales is 


MONITOR ENTERPRISES, INC. 
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SCHEDULE A 
Pe) 
AGREEVENT DATED JANYARY 18, 1965 


BY AND BETWCEN ; 
THE SINCER COMPAKY AND MONITOR ENTERPRISES, INC. 


Monitor shall take delivery from Singer and remove 
from Singer's manufacturing facility and Singer will so deliver 


to Monitor the following number of units of Product in each of 


the wecks indicated. As soon as practicable, Monitor shall atart 
delivering to Singer four weeks prior to scheduled delivery 
written notice of the exact makes and models (which must *e 
available from Singer in accordance with Section 10) of varfable 


"kits and adapters required as part of ordered units. 


Number Number 

Date of . Wate of 
Janvary 30140 May : 406 
February 6 140 8 500 
13 140 15 1) 

e 2 22 $00 

29 * $00 

arch 6 150 June 540 
13 250 12 540 

20 250 — 540 

27 250 26 540 

April 3 400 july 23 ” $40 
10° 400 “unre 540 

17 > — 400 “a7 540 

24 400 ; 24 540 


Thereafter, Monitor shall so take delivery and Singer 
shall so deliver 1,602 units per week for the next succeeding five 
weeks and 1,603 units per week for twenty weeks next succecding 


such five weeks, 
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December 23, 196% 


. Persino, Presicent 
aren and Develop. one Company 
shart ton . 
esore, Hassaehusetts 


Perrinos , mn ate 


: In accordance with our contract agreement we 
solicit the following engincersng Bervi0ess 


DESCRIPPTO OF SER . **. DATE REQUIRED * 
Deal Perma-vac ght 
a, Provice % ifteations , 12/28/64 or 
‘ for Dust s¢ Unit cooner 
+ with éocurented vengineering é K 

test data used to Gevelop 

specificaticn, Documented 

engineering data must ine 

clude information relating 

car speed, locking pressure 

and efltecs on stopping dis~ 

tance for all read conditions. 


movide test master for bual 12/23/64 or pee 
Pemma-vee Unit, Unit now in’, . soone? : 
your nossessicn with Lest : 
éata would gurfiee, 
Provide uchematic diacran of 2/29/54 ¢ or. 
dual hydvauiic systen, ; sooner 


Perma-vae Units 


documented engincer- 12/08/5 HY ov 
éata relating car .. s20oncr 


speed, Lo6e.:Ang ve and 
effect on st05 ns ain stance 
for ail road c Sioa Lor 
Single Pisten Type Perea-vao . 


_ Vals, — 


. ; : vos Seo ¢ Mes of A 
149 . ‘ dd és 
Bane tat) .10 in edadeinetalbstathnh thease sg sil 
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toad 
Mo, Svank Porsino ~2- Decesscer 23, 195% 
DeESCri >> ro CP? SERVICE DATS REQUIRED 
° . 
‘ bd. Investigate and recomnend 2/22/55 
possidsie Cestgan cnsnges eles 
Waich would incresse the * if 
y2cia of single piston ? 
type Ferr2-vee Units which 


ay woulée meets the original 
: ‘700 p.s.i. minimum pressure 
after vacuum. Specification 
was reduced to 600 p.s.i. 
due to — nercentage of 
rejects, Unless the cata in. 
Ii-a. indica tes fevorable 
conéiticns at this pressure, 
. we must find a Gesign which 
** will yield consistent and 
higher results. 


ZTII, Sensing Unit 


@. Perform Gimensional analysis 
me ‘of components arfectin 
s clearence detiween Governor 
Spool face and Delrin b 
Lit of Sensing Unit and ei 
2S Pee tolerance changes %o insure 
ayia rance at assembly. 
e 4 
peste en recommended changes 
es of components, 


bd. Provide €ocumented engincer- 
." ing test cata ~elating pulse 
response time of sensing unit 
to car speed, locking pressure~ 
: and stopping distence for all 
: road conditions, 
IV. Dise Brake System? 
@. Provice encineering data re- 
, lating locxing pressure, car 
Speed and stopping distance 
for all road conditions for 
‘e Dise crake hydraulic systen. 
Provicge schematic diagram of 
systen, |. : 
o bs act ig i i 
- a” ah, 
. - . ¢ . 
oy eee ee ara 
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Me, Feonk Perrino -3- December 23, 1964 
DESCRIPTION OF SERVICE DATE REQUTRED 


ené Test Data Snces" used at Singer to Gocuxnent data. 
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: b, Provide preliminary design 6/21/65 
ond colculations for pro- ~ ’ 


totyping system to accon- . ee ee ° a 
modate Dise brake system. Seat Serta GS (5 

Design should utilize as : Wet ead a giie 
many existing parts as . ee tee eae 
“possible. : icot'y eae 


Vv. General Engineering and Test Information: 


a. Maximum torque loeds SASS. os ; 
“(Statice and Shock) that < gh Ss Cae : 

can. be applied to all torque aa it gate encanta *. 
transmitting components. Fe eB ei cele atl ae 

ee Incluée documented test data “ty ee : pa 
- 2.) and/or calculations to sub-. ~ ek Berta: ' 
' gtantiate findings. satetg et 10 ; ; 


b. Provide existing documented TAM BS SA ee SB 

ay environmental and endurance gM ae : ae 
. test Gata on Sensing Unit, athe R +8 

Gear Box, Adaptors and : : see 

Perma-vac Unit. are Se i ei 


“or 


c.° Provide documented test data Ps DSM eee tie 
on enviromacntel testing of oto 
sample F. W. Stewart gear ‘ CRs. Rei rien a. 
box: now in your possession. ° ea SG: Se 


- -@, Provide engineering data "12/28/54 '. + 2 
"" relating car speed, locking he ea 
©; pressure ond effect on ah mig seis 
stopping distance for con- : , 
ventional brake system for we Sims 
all road conditions. - ; * 4. Fa 


ce. Provide a list of testing fs °° ines 
facilities available at wD 5 
Perra. 


’ 


Ye are enclosing a copy of the "Experimental 


hat a simila> method be used by Perma on all 
current and future tests. If you would like to use this 
fora we will be glad to Gupply a quantity of these upon 
your request, I the above information cannot be supplicd 
py the required date, please let us know in writing when 


‘ . ®? * ’ ° 
. é nae * . os “a 6 ‘ . er ® ; 
4 . ‘ - . ¢ . * 
e ‘ . . 
p es i . e's 
. * gel . eo @ . . re . : 
Pan . 
. . . ve 4 
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yy Very truly yours, i bab. 
THe SINGER CO; esa 
eA ae ¢ 
. Romel, Manager : 
Pe heed Engineering . 
Contract Salcs : ; 
+ 3? r 
¢. tg ° 7 _¢ ‘ 
Broecker? : * 
Fecxo : . ; 
Adams 
Kloby 
Sharp 
: 
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Sprague, Maneger - Centra). tncineering auete 
Meaurecturing Divis 


TO: tas 


of 
“se Ge Me 


FROM: A. Romel 


OATE: Mey 10, 1965 , sis ° te paren 10: 
SUBJECT: Original Sxeten es of Tra nsfer Valve 
® ‘ » { t 4, . 
Dear Sir: 


Enclosed ere the original spetenes of the transfer 


yalve made by Me. Perrino end I on April 7, 1965 2long 


woos. 
4 


with a description of its function in relation to the 
Perma-Vec Unit. Please take the necessary steps to check 
out our patent position. vYorking drawings and additional 
Anformaetion cen be supplicd upon request. sa 
Very truly yours, 
artiaaiatin PABRICATION DIVISIOv 


Gk 


ae, A. Romel, Maneger 
; ‘ - Manufecturing Engineering 
Perma -Anti-Skid Product Line 


e . 
‘ 4 . ‘ 
: . oe 1% f 
: ; , 
ga r 
q , ‘ Py 
i \ 
. | 
s 
‘ ' 
Seng ee errr or te er bE RIE FOP RE I TP OT 


E-5 36 [PX 77, p 1] 
; | 


eg D 2) 


{Px 


23 Pr ee ¢ 2 lisey 7 : bt 
ii = . € S epee Poe “« | 
s 3 a + ae a by Seen s - 
: 3 7 ~ or aang We. > : a | 
: 3 A“ % E> . wee' “ . 
- S 5> ia 5 Sat on ip ee 
: O LA > et* «mem * —-—o -—<* -——_——=— -——_ Fi 
om ~~ us é . ¢ ro * 
t ; 3 SA U Ree el ghee Hep re ee fae 
: a — - -- . “ 
: 3 2 @ a cena see. 355% Bia st | 
; 3 = Ss 
6 : L 
& 3 3 : 
2 3 +f 
. ‘ 
~ . 
J , 
s 3 
5 8 
. . 
, ‘ 
' ‘ 
, ’ 
‘ ' 
; ‘ 
a a 
- - ——— oe oe —— —— -— geet } - 
7 SP PSR Sis ip Gps SSA See Ok 
. ‘ > ee a ay ar a - om » “4 3 " — “+e oak . Syn ees. ee sa —_—- oe EE SES, Prcar ep, ema tines c: 
TS sis ee es Pose hy tes Ey Hunter tee PY 
tse BA oe. they ene See2 te AE : 
4 : 7 — =— == = -—_—_ —_ oe te ee ae { 
ph ee : 5: Seep ssaloaties Shae eg ge 
; -. « - - -_- = “~~ ~-e - 
- e“, (* : é pepeee Deis: , == ; 
' . -. - - : > = = ; = : 
* s WA UL aN R. = a cas red 
in £ % as re : -_—— eo ee ——— - — —— a ee — — ~ a aie = 
e 2 \ - 3 > 3 s or “i am o—- oe’ = 7% — ae eee sarces SS =. poste 2 eage: Fie 4 
H ~ a NPR be 35a ey 5 >, Sere er ee, go = 5 esas sdtitoise > pap sepegen es ane Ue eres eet pare wm os ‘nenteme 2-*-* ad ; 
mt el gahe ae Saar aterie © Etc eenmeer sa ane ose A ‘scenes iting +e. sen oe ere mf 
t f cone ahd 4 te nan gre Wr sagem Sam Saks enteene ee wes cae i ee tees +o ae 
; ‘ id - -- —*" © 3 2 amoencset = + ES mot : : so se : : 
a _ “<= ae a * Bae 2 a8. as eess 2 ee 3 
s ’ °. - : ~~ - Se. . Be sete § 2 n - = : ate > : a 1 
: ‘ rs : - - - . - = _ - —- . 
® : _ we . : e . ‘ 
: . = aes ~ ey rae . a 
; : Tt aT case ge: caren aaneale : | 
> s We : val - — - _ - - —_—— -=- - Pb - .* j 
‘ . - Ps . exer pes : 
: _ . 
; 
: 


AVconne- DATE.cceeree 


[PX 77, p 2] 


E-537 


3] 
x. 77. DP 
: 


De 2s 


ey 


ie 

“ | : ie 
i VAS EE : 

fi 


—— ee ee 


Tt A REE 


[kX 77, po 4] 


VAC <- 
MANIF CS R_— 


MEG COR FLT: | 
OF GAA’. oa ‘| 


‘ y “s 
Voy 4 2 Oe vattfeur? FO WV | xe DA. 


dee ae 


E-539 [Px 77 4 Pp 4) 


ome ena s> ** 


( 
! 
' 
LE ae ee NMeEA FO | 
' 
| 
' 


—-, 


pl) i 


[PX 79, 


_ PLAINTIFF'S EXHIBIT 79 Sad 2 
lee H & ot ek «ca coMmPpAw Y 


eu;caorre emrany °¢ Mat Ube eT STALLS. Eh be Ales Dees teh ee wh wee © aet ct 9.3290 ~ 


“Juno 16, 1965 


Mr. Narnhall Breen, 
The Singer Company, 
90 Nockefeller Plaza, 
Kew York 20, lew York. 


(AEG. CHS. 


33 


wore. 


- Nesign Chanres 


Perna Antistid Device 
Pear Sir: 


The Perna Antiskid Device has been altered to include a 
Vacuun Transfer Valve and an Uydraulic Flow Control Valvee 
The Transfer Valve is required to enable the Device to decve~ 
lop suvicacient broking pressure to lock the wheels of certain 
model cars. The Flow Control Valve waa added so that shorter 
stopping dintances with the unit could be obtained. : 


Enclosed arc? 


1. Patent investigation submicsion forn. 


2, Letter from A,. Ronel to B.A. Sprague dated 5/10/65 
concerning the Transfer Valve. Parry: ie 


(34 Original sketches of Transfer Valve (5), dated 
5/7/65. ng : 


4, Assembly sketch dated §/10/65 showing Transfer 
Valve in relation to rest of the Device. hes eri te 


$8, Print DC17-342639 of Transfer Valve. 


6. A portion of a description of the Device which 
pertains to the Transfer Valve (pages 5 & 6). 


7. A sketch dated 6/10/65 showing the Viydrauliec Flow 
Control Valve and its location in respect to the 


automobile brake systen ane the Antiskid Levicce 


s : 
‘ s 
Yours very truly, es. Be ie eae Be qa iek 
? ; . ° ra ; 
VE SI Aye a a: i hah ae SoS cient seas heh 
Olly Ded go : Ha Ue Sh Seta rP Le TS 
o XN. Sprague, Manager, Hy Bay? “cha fe os 
Central “nyincering Kall, ae ptigat, te ot Se ree 
denuleccurc’ up pivictone a ate & ° ; E ° , tare! 
Bash pon fig abe lay Coe a he ie ate 
; it ie ae errs Shee 
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Re Rlolye Jo wagner v/ wabudtsttal farrm-—- . 
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Morohouse, Viee President 
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Mocs oignificant of there wes co tendency for a lag oP recuced 
reking as the end of the conmezon cycle. it wae found this 
was aegsotiated WV the éesign of come of tne 19f5 bratcing 
>> pystems. & rodifieasion to the wit wes roduired ec 
Started ay Oncs. Tn the moembine, we had becrn to pursue 
‘ the ausomotive manutectucces for O22 application cna produce 
anprovel. Doewve2ts maauestsd a mocdif2 om to the wit. 
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ensuse 6y0 proDtend. Piret, 2 covious glening or facing oOo 
| Yralte Linings vould rocuives nignro> ouspus prossures thes we 
eroned. Saconcly, with the azond toward aise brakes, 
grates outers prcssuco was Gesivabdle. oe 
tom to both conditions rocuired chantes in ths 
Sion of the control. Pedesien and modification 
ona a tect progron instituted. As is nos Wie 
sroblen avoso. Sterpins Esvances with Gre 
: Sey LONGiAT iremonned over those wachous tna - 
We coptbainiy could not markes the procucs s2StRous 
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After viewing all available copies of the preced- 


ing page, counsel for Appellant believes that said page reads 


as follows: 


July 7, 1965 


Mr. C. G. Morehouse, Vive President 
MARSH & MC LENNAN, INC. OF OREGON 
Standard Plaza 

Portland, Oregon 97204 


Dear Mr. Morehouse: 


The delays associated with shipment of your Anti-Skid 
Control are unfortunate but unavoidable. 


After acquiring the patents to the control, a controlled 
marketing was started in the local area. Very frankly, some 
problems arose with regard to the function of the product. 
Most significant of these was a tendency for a lag or reduced 
braking at the end of the control cycle. It was found this 
was associated with the design of some of the 1965 braking 
systems. A modification to the unit was required and 
started at once. In the meantime, we had begun to pursue 
the automotive manufacturers for OEM application and product 
approval. Detroit requested a modification to the unit. 

They desired a greater output pressure from the control to 
answer two problems. First, a serious glazing or fading of 
brake linings would require higher output pressures that we 
offered. Secondly, with the trend toward disc brakes, 
greater output pressure was desirable. 


The solution to both conditions required changes in the 
Perma-Vac section of the Control. Redesiyn and modification 
was completed and a test program instituted. As is not un- 
common, a new problem arose. Stopping distances with the 
control on dry roadway increased over those without the 
control. We certainly could not market the product without 
. notifying our customers of this increased distance even if we 
did, under all conditions, give him steering control and 
reduced stopping distances except for dry roadway. 


We have tackled this problem and resolved it. The 
present unit being released for production does give equal 
or shorter stopping distances at all speeds in excess of 
30 mph. At 3G mph you give up some stopping distance some of 
the time. Our test results at this speed were mixed. We 
feel the variables present as to road, tire and lining 


E-541A 


- -<- ee nee ees wre 


J ‘_ SINGER COMPANY 2) ; “Pprzaoern, wom JERECY 
ze 


rd tie. C. G. Mozchouse -2-+ July 7, 1955 


BP 4B emcs Vey “ fen te detnt . ~ A4 ron A 
eonéitions make panie stons at this oced co glover difficult 
: °° a Ae tae -* *y VE Oot nga 2 “fy auc 
Om TUNeGoermm. Tho average aifference in cvopp=nZ 
tah em ere . Aw “a4 et ad ans I 1 " 
shezo speeds on a vavicty of venicles 13 +658 
“~ 
° 


Spstonces, is measurce in inches. 


tn most 
—s— oe wy tet Veer wr ar es eee wee * 


fe) wo have 2 procuct worth; Sfozins FO trs 
A plon 2 full ravksting cc for Eapto=dss> wie? 
Uinmitce weroduetion anc Steaue: wishin the next 3 to 4 
tools. =2 you desire, wo can me Coubs ship your writ prior 
to Ausust ist. 


a + ~ 2 * Sas A Wh-twe 
2 to explain the deisy and bronzs 


i; 


’ ~ eng e Wa We 
Yo hove this hes zs 
oe a on, avg ot&ateara 
2 


s - - - ann 
FOU Ud-CO-Cavus ON VAS Prvgecs ovueviiwe 


tant ', Youss very truly, 


' 


. be | ‘Leper a.) 
oe. Re He PALES 


May os CP 
Shc 582 BAIS OH 


: ; Pactozy Sales 


fe 
ccs ve 
- 4 
: ‘ 
‘ r 
é vey 
‘ ej hd 
¢™. ms 
wat & ‘ 
f ‘ 
‘ ’ - 
ewe 
. * ° ° . ¢ = 
7 2 Ne 
’ - 
4 t , ¥ -* ‘ 
wD wt went * b 
‘ M ‘ * . 
- f ‘ ‘ oa 4 
to. - J . . 
‘ A . ; 
‘ ° er . 
.« ‘ 
’ : . 
4, 
F Bitte Be * hr 
a oy ° ‘ Pe ewig” 44 4 
oad : : J of ’ ui, 
_— ° , ree »% 


(text of PX 82, p 2 transcribed on page E-542A) 


E-542 (PX 82, p 2) 


After viewing all available copies of the preced- 


ing page, counsel for Appellant believes that said page reads 


as follows: 


July 7, 1965 


Mr. C. G. Morehouse -2- 


conditions make panic stops at this speed or slower difficult 
to compare on run-to-run. The average difference in stopping 
distance at these speeds on a variety of vehicles is less 
than 5% and, in most instances, is measured in inches. 


We feel we have a product worthy of offering to the 
public and plan a full marketing campaign for September with 
limited production and sale starting within the next 3 to 4 
weeks. If you desire, we can no doubt ship your unit prior 


to August lst. 


We hope this has helped to explain the delay and brings 
you up-to-date on the program status. 


Yours very truly, 


R. R. PATTEN 
Manager 
Factory Sales 


RPP/dk 


cc: Mr. J. Kelley 
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f FROM: Perma Anti-Skid Control Task Force ' 8 


Dates , August 10, 1965 ‘Reren TO: : Pe 
_ “RECEIVED 


ISUBJECT: SUSPENSION OF MARKETING ANL WITHDRAWAL OF UNITS 


€ 3 FROM FIELD’ - PERMA ANTI-SKID CONTROL _ AUG 11 1965 
be eat Fa Pee, STANLEY BORISS 
ra This memorandum presents (1) a recommendation that Singer-CPD undertake 

ees . actions immediately to withdraw the Perma Anti-Skid Control units from ¢ 


. the ficld and terminate our contracts with the three remaining distrib- 
utors in the U. S., and (2) o plan foraimplementing this recommendation. 
Morkecting of the units has been essentially suspended since March of this 
year, pending solution of technical deficiencies in the product, 1 


c "| This memorandum is not meant to be an interim report on the ultimate ‘ 
}- + | @fsposition of the Petha ANtI-SRId-Control program, The question of =<. 
* whether to proceed with develcpment or to divest must await further id 3 
‘ technical and business evaluations (a visit to Cornell Aeronautical - 
Institute is scheduled for August 10). The recommended actions are gattty 
those that the Task Force feels should be taken as quickly as possible ; 
¢ . #decause of the existing exposures and the current technical status of eo 
“ the product. , i af Z fast 3 
.« . * @* a” E ‘ ’ re ‘ 
a Reasons for Recommendation : pat a i. SR Sal es ’ a 
a ar 5 -'% 
\ The costs for undertaking this ponuree: are nigh, but the reasons the’ : *. if 
; :@oing so are compelling: ° tile rte ® 4 
. e i ‘ ‘ ww? pan rn 
, ; 1. Legal Exposure: dieiiciiettiiilte: 184 units have beon put on cars ‘ 
. . , Gin the U.S.) since Singer became involved with the product. . % 
i If an accident should occur to one of these cars, Singer would 4 
, _be vulncrable to suit as the manufacturer of the device. We i 
are aware of several limitations in these units (which are not : 
ef the current design): (1) stopping distances on dry ground ~ . 
_are longer than if the device were not on tne car; (2) the 4 
quality of certain components is such that there have been ’ 
i" premature failures of the device; and (3) the design is not a 
complctcly fail safe - varying losses of braking powcr, up to a 
complcte loss, can occur under different types of failure, ‘4 
. " « , ra , 
Furthermore, recent newspaper articles indicate trial lawyers : 
? are becoming increasingly successful and interested in suing 
manufacturers, especially automobile manufacturers, under the ” 
P “etrict Liability” doctrine, we PE RR ree a Se 
ate tha Se nS a Cone 
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SUSPENSION OF MARKETING AND WITHDRAWAL OF UNITS 
FROM FIRLD -  PERAA _ANTI-SKID CONTROT, Page - 2 


Reasons for Recommendation (cont3nued) 


2. Sinrer Name: The unfavorable publicity from an accident with a 
Perma Anti-Skid Control-equipped car could seriously damage the 
. Singer reputation for q lity, dependabi* ‘y, and integrity. 


3. Business Responsibility: As a company of high integrity, Singer 
has responsibility both to its distributors and its customers to 
retrieve these units, which have been sold as safety devices, 
but have technical deficiencies. . 


. kh, - Indefinite Development Period: Some of the deficiencies in the 
device discovered in the January-March period have been corrected, 
but the Elizabeth technical evaluation of the current design con- 
cludes the unit does not fully meet the criteria for reliability. 
An additional development period might range anywhere from three 
to twelve months. Because of this uncertainty as to when the unit 
will fully meet the criteria for reliebility, retrieval of the 
existing units is recommended, not replacement. 


5. Future Uncertain: Even with the current high public and governzent 
interest in safety, assuming the product can be fully developed, 
4ts future as an item to be made and sold by Singer is uncertain 
because of the nature of the product and the industry it is in. 
This product would place us in the automotive parts industry, 


+3 which is dominated by the purchasing power and engineering skills 
of the Big Three. Secondly, the nature of the product, i.e., & 
safety device on automobiles, 4s distinctly different from any of 
our existing products and introduces a néw dimension in our product 
liability risks. Thirdly, the patent protection is very specific, 
4ndicating that there is reasonable expectation that a group of 
automotive engineers could design around our patents and achieve 
the same end result. In fact, our Patent Department advises there. 
4s aU. S. patent which accomplishes the same eni result on a some- 
what less “automatic” basis. 


Particularly, because of the indefinite development period and the uncertain 
future of this unit as a Singer product line, we recommend terminating the 
@istributor contracts. In view of these uncertainties, we ao not believe 

4t is wise to subsidize any of the distributors for interim periods. 


- e 


Implementing the Recommendation 


The plan developed for implementing our recommendation has a threefold 
objective: 


1. Recover all ficld inventories and units now on cars in areas where 
Singer-CPD has liability exposure. , 


2, Terminate distributor contract with Monitor Enterprises, Inc. 


3. Terminate contracts with two other distributors assumed when Perma 
device and components were purchased. The contract with Jandro 


was terminated in January, 1965. 
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Implementinn the Recommendation continued) 

The strategy for terminating our contracts is somewhat different for 
Monitor than for the other distributors. The apparent interest of both 
Car Controls and Coulter in ending the contract and the nature of these 
contracts suggest they can be terminated without any costs above the 
cost of recovering the inventory. The Monitor contract is more complex; 
we necd o fad a mutually agreeable basis or face the possibility of 
legal action on their part. 

The basic elements of our strategy are outlined below. We have included 
some steps in relation te Perma since the ‘nventory related to Jandr< 

F (units on cars only), Car Controls, and Coulter was sold by Perma but 
mude by Singer. Mr. Peacock, from Win hrop, Stimson, Putnam & Roberts, 
has advised us not to act «nilaterally on this inventory. 


Approach for Monitor 7 3 
i. Seek a basis for terminating the contract with Monitor. Our 
ebjectives are: 2° ‘ 


- Complete termination of contract and all claims, and assign- 
‘ment of any claims Monitor might have on Perma. ; 


~ Assistance of Monitor in retrieving field inventories and 
units on cars. . _ ae 
- Payment to be based on Monitor's recovery of reasonable 
‘ expenses during period of Singer-Monitor contract; not on 
anticipated profits. . .. 
2, Employ J. Kelley, personally, at $10,000 to assist in recovery 
of inventory and, possibly, in any divestiture progran. ‘ ‘ ‘ 


3. Assign one member of Elizabeth Plant team to recover units. 


Approach for Perma ; Fi vo ee \; 
1. ‘Establish liability and responsibility of Perma on inventorics 
4n field. ; a i; 


2. Mect with Perma to get them to assume responsibility for inven- 
tories they sold and negotiate change in Singer-Perma contract. 
The desired changes are: 


Pa Eliminate reversion right clause. 
- Adjust royalty payment to recover cost of inventories in ficld. 


- Provide flexibility for Singer in regurd to divestiture. 
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Implementing the Recommendation (continued) 
Approach for Other Distributors 
° 1. Take action on Jandro, Car Controls, and Coulter only. 
2, Notify Singer (Canada) of our actions so they can handle O'Matic. 


3, Call each distributor to arrange mectings. 


4. Meet with distributors to set up plan for withdrawal. . Key 
elements of the plan: 


~ All correspondence done on distributor's letterhead. 
- Payment made on receipt of inventories in Elizabeth. 
- Termination of contract with Car Controls and Coulter. 


5. Assign member of Elizabeth Plant team to recover units. 


Publications 
PARA AE LE 


We have already obtained agreement that articles will be stopped in 

Women's Day, Reader's Digest, and Saturday Evening Post. An article 

will be carried in the October issue of Mechanics Illustrated. We have 
worked with their staff in changing the tone of the article from one 

that would give great publicity to Singer to an article of more general 
nature on anti-skid devices. eas 

All letters to be used will be prepared by the Director o. Advertising 

and Public Relations, jn cooperation with B. F. Thompson, and all elements 
of our strategy will be reviewed with Winthrop, Stason, Putnam & Roberts. 


Exhibit 1 presents a summary of the major points of the Withdrawal Plan. } L 
Exhibit 2 presents an action plan for the Withdrawal Program. 7 


‘ 
ra ‘B: 


Costs ad Ba ? 
It is estimated that the out-of-pocket costs for this unit removal and 

contract termination plan will total about $225,000. (See Exhibit 3.) 

Of this amount, $125,000 is the maximum we hope will be necessary to reach 
agreement with Monitor Enterprises, Inc. At the time we acquired, the Perma 
device, we entered into an agreement with Monitor for them to act as our 

exclusive distributor in the U. S. The proposed termination cost is based 

on their recovering expenses {ncurred and does not reimburse trem.for loss : 
of profits. Exhibit 4 shows an estimate of these expenses, based on their 
statement given to us on August 2, and adjustments we believe to be rca- 

sonable. ‘fhe CPD Manager of Auditing has audited Monitor's books to confirm 

these figures. : 


1 
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Costs (cont inuca) 

An amount of $10,000 is proposed to retain Mr. Kelley as a consultant on 
retricving the inventory. We believe his help is needed in this activity. 
Furthermore, we believe this will have more leverage * an if it is included 
4n the amount to the corporation (Monitor). 


The inventories at Car Controls, Coulter, and Jandro are for devices sold 
by Perma and made by Singer. Our plan is to get Perma to assume respon- 
sibility for these costs; however, because of their financial position, 
we expect the actual out-of-pocket expenditure will have to be made by 
Singer and any recovery will be made in terms of revising the existing 
Singer-Perma contract. - . ~ . 
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Arproach for Other Distributors 
ET LT 


1. Take action on Jandro, Coulter, and Car Controls only. 


2. Notify Sincer (Canada) of our actions so’they can hamdie O'Malle. 


w 


« Call each distributor to srrange mectings. 


“kh. Mect with distributors to set up plan for withdrawal. Key elements 
of the plan are: . 4 


- All correspondence done on distributor's lctterhead, 
: a Payment inde on reccipt of inventories in Elizabcth. 


- Termination of contracts (Car Controls and Coulter). 


5. Assign rember of Elizabeth Plant team to recover units. 


Publication: . ° 
The rollowins: msgcazines have agreed to stop articles: 
Vicmen's Day 


Reader's Digest 


Saturday Tvening Post . oe 
We are working with Mechanics Illustrsted to change the cmphasis of the 
article in their October issuc. - 


General 


~. 1. Letters prepared by Director of Advertising and Public Relations 
and reviewed with B. F. Thoapson. 


Determine how to handle customer that way not relinquish anti-skid 


ST “reac 
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¢ unit, 
7 ‘ 
ra 3. All letters and strategy reviewed with Winthrop, Stinson, Putnam & 
J ‘ Roberts. ’ 
‘ | ‘ 
{ ’ “4" : 5 ; ’ 
‘ y i * hl 
pet BSS BAS Ts ' 
Ue 6 10/65 ', @! vt \ rer | jf 
| i E-549 (8x 80K, 7): 
‘ Py . ri : “ey, Sa 
’ ' 
“) 4, UP gue . ' 


a 
- 


‘ 
. ' , 
{ ? eT ‘ oe ‘ a 
’ & , > ’ po ae 
- Rts OR OR 3 ‘ ’ i 
Zz W ¢s'a 2 wrepte Kerk ; 4 aft  y wig? 
o ; s y ‘ . 
* tbe ¢ wagers 
ave ar : Pa | 
oats ' $ 
i ' ; A ; } ‘ iT ia 
; . i) + 4 


Rxhibtt_1. 


*. 
e* 


we 


~~ 


“ane 8 -ge tafe §© 


~~ + &<—<- oe 


~ ytet 


—<—-~eer * 


oe 


Responsible _. 


"Ar 


a. 

Ta 3 . ”» Lat evades 
sete 

MWe 4 ’ (PX 688A, p 8) ; 
by 

i 
. A - - - -——-—- s 
’ ae oo ad ee * 

"he a ’ 

vA oo me 

A, Ags PLA FOR WITHDRAWAL, PROGRAM 

ie O28 LERM ATTE- BEND CONTHOT 

» eee epee ee Me Abs : Individual 

Steps 


7 


£. 


1 MOUTTOR 


Outline project to J. Marusak 
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'ssecT, = PERMA PE Mya nee a ee ; 

|: The purpose of this memorandum is to discuss a number of 


alternatives that might be available should the decision 
: be made to divest of all or part of Singer's interests in 
* ,. the Perma Anti-skid Davice. ‘ 


It is difficult at this time to make an intelligent assess- 
ment of the possibilities of successful divestment because 
we do not know what we have to sell. The Perma Anti-Skid 
Device has not been developed to the point where the prod- 
.uct can be manufactured and markcted as a safety device, 
It 4s understood that a program is currenlly under way to 
determine the design feasibility and functionability of 
the preduct in its present state and what design, engineer- 
ing, and testing work must be done to bring it to a point 
Where a full scale manufacturing and marketing effort could 
be launched. . ; 
; ‘ ¢ 
The xange of alternatives available now cover a broad 
spectrum and will be critically influenced by the results 
Of this program. On the -one hand, if the basic design of 
_. the Perma Device were suspect in terms of its ultimate 
ability to function as a valuable safety device, it will 
~be difficult to salvage more than a small portion of our 
investment. Certainly many questions will be raised in the 
minds of perspective buyers due to our own inability to 
bring our design and engineering work to successful conclu- 
sion and, even to a greater degree, by the program to 
xecall to the factory all units that have been shipped. 
On the other hand, if it turns out that the device in its 
* present configuration is a truc safety aid to automobile 
braking systems and that only small additional cxpense need 
be incurred to bring it to a completed state, then our 
Fosition may be of much greater vaiue and all or a large 
portion of vur investment may be recoverable. In cither 
case, it should be recognined that th: ultimate market 
potential of an effective anti-skid device has not been 


demonstrated. A purchaser of the Singer's pantiten : We 


as 
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therefore, have to take into account two areas of signifi- 
cant risk: 
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_ 


one concerning design, engineering, and 


_ manufacture; and the other concerning marketability. 


_The major portion of Singer's investment in Perma is tied 

up in inventory which is on the books at $1,300,000. If 

the design is proven and the prospective buyer believes that 
the product can be marketed successfully, this inventory 
could have full or nearly full value to the buyer. The same 
can be said for the $210,000 of advance royalties that have 
been paid to Perma Research and Development Company. It 
will be more difficult to recover the $190,000 of engineer- 
ing costs that Elizabeth has expensed. It is highly doubtful 
that any purchaser would pay for tine approximately $185,000 
in costs that will be incurred to remove the Singer manufac- 
tured Perma Devices from the field and to terminate the 
contract with Monitor. Thus, under even the best circum- 
stances, it probably will not be possible to sell the Perma 
interests for an amount approaching Singer's investment of 


$1,900,000. 


. 


In view of the current uncertainties with regard to the 
product itself, efforts to develop divestment alternatives 

are largely "blue sky". In the event that Singer's interests 
are saleable, however, the divestment deal might be structured 
in one of the following forms: 


1) 


2) 


3) 


Cash sale - Singer's Perma inventory plus all rights 

to Perma patents as well as our know-how would be sold 
in “as is" condition for a flat cash payment to be made 
at the time of the closing. 


Down -payment plus term notes - A significant down pay~ 
ment, say 20% to 40%, would be made plus serial term 
notes payable over the course of 2 to 5 years. 


Down payment plus contingent payments in one of several 


forms: 


a) 


Payments as inventory is sold - Since the major 
portion of that which we would be sd2ling is in 
the form of inventory, it would seem reasonab] : 
that the purchaser pay Singer as he sells that 
inventory. In this manner, we could sell the 
inventory at a given amount per unit receiving 
say 25% of the total value down and 75% of the 
unit value as the units are sold. 


E- 554 [Px 89, p 2] 


| 
i 
! 
j 
; 


[PX 89, p 3] 


fir. B. C. Person ~ ~-3- August 16, 1965 


b) Royalties - After a down payment, a fixed or 
percentage royalty would be paid to Singer as 
the devices are sold. In view of the royalty 
payments for which Singer’ is already committed 
- - ‘to Perma, it may be difficult to impose additional 
royalties. Also, inventory payments would more 
truly reflect the nature of any proposed deal. 


4) Marketing Agreement - Singer could continue to 
manufacture Perma Devices and could. seek a marketing 
‘agreement with a company in the automobile parts 
business. This type of arrangement would have 
many of the same disadvantages as are now inherent 
in Singer's Perma activities as they are no being 
conducted, especially in the area of product 
liability. 


5) Joint Venture - Singer could seek an automobile 
parts company with which to form a new company as 
a joint venture for the conduct: of the Perma 
business. Again, the same disadvantages are present 
as in No. 4. 


In all of these cases, the down payment as well as term 
notes or contingency payments could be in the form of com- 
mon stock or some other security. 


Since our divestment would be based largely on inventory 
value rather than on a going concern basis, our interests 
probably must be sold to a company that is already in the 
automobile parts business rather than a company seeking 
Giversification. In the opinion of the writer, Perma devices 
could be marketed most successfully by a firm that controls 
its own retail outlets and, thereby, the ultimate install- 
ation on the customer's automobile. This is in contrast 

to the traditional automobile parts distributor who sells 
through a two or three level distribution system to 
independent garages and service stations. 


i Phe following companies seem to be the most likely prospective 
purchasers of Perma: ° 


1) Gulf and Western Industries, Inc. 

2) Maremont Corp. 

3) Midas International Coup. 

4) Rayco Manufacturing Co. (A subsidiary of B. F. 
Goodrich Company) 
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5) Detroit Gasket and Manufacturing Co. (A sub- 
sidiary of Indian Head Mills, Inc.) 

6) Diveo-Wayne Corp. 

7) Standard Products Co. 

a 8) Bendix ~ Westinghouse Automatic Air Brake Co. 

9) Curtis-Wright Corp. 

10) Mack Trucks, Inc. 

11) Firestone Tire and Rubber Co. 

12) General Tire and Rubber Co. ‘ é 

13) Associated Spring Corp (A subsidiary of Bowman 
Products Co.) 

14) American Brake Shee Company 

15) Borg-Warner Corp. 


It would be desirable to limit the conduct of active nego- 
tiatious to two or three prospective purchasers so as not 
to give the impression of a panicked or distressed sale. 
Also it may be best to use the services of a professional 
@eal broker in approaching most of these companies. 


As soon as the various technical evaluations of the Perma 
Device have been completed, it will be possible to develop 
a divestment program in more specific form. At the same 
time, the range of acceptable selling prices and terms 


can be Gecided upon. 
Dud 


6... Me. Ci Ps. Bruder 
Mr. W. N. Dawes 
Mr. R. H. Elman 
Mr. S. Boriss 
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PRIA ANSI-S: 


Berd. The developacnt and marketing effort assoetated with the Peraa anti-skid device 
$3 Division, An initial 


eee has Yoon temporarily discontinnsa uy Tne Graranacr Products 

ee rey low, comductcd by Cr) Manag sien nhovily wiver they bzeeanae responsible for 

ov the Porma progran, indicstca that this covice did not mect the reliability and 

pe guality-stanisres expected of a Singer precuc: and requiréd in a braking device. 
Surthor, because of tiie possible legel cxposu-c, CPD is in the process of re- 

C ling All-‘wnits from the field. It is the Division's intention to obtain an 

y independent technical evaluatioa of the anvi-skid unit at its presently- developed 

Msgtacse, Corncll University's testing lakorato rics have been asked to submit a 


Bag testins proposal to determine the technical validity and reliability of the 


. 


i al bx. 0 BOs é . 

° ~ . . 

a) Elizabeta-Pesna people now belies tuat the presently developed unit mects 
Segpor formance critevion of enti-sxid cunt sol under a panic braking situation. 
Meoddition, thcizx limited tests on a 19$5 Cadillac using a dual piston braking 

: ' € Pidicate that the average stopping dister.cs using the Perma device is about 

Marat .on dry pavenent to an auto without tho device. Oa wet road surfaces, the 

¢} eg stopping distance with the unit is shorter at all speeds and substantially 

shorter (5% to 8%) at speeds of SO in.p.h. end higher. ‘Tests conducted on a 1965 

Buick and 1964 Dodge with single piston units showed similar results to those ‘« 

pportsined on the 1965 Cadillac and the d6ual unit. eT a eee 


to 


There still exist certain problems relating to the device that can effect its 


4 7” iis ‘ 
Ks r5 4Qs eds ty. : ‘ : See 
-'@ " = - . . : 2° , 
= The loss of vacuum due to vacuum hose breakage or engine stall : 
out can lcave the driver with less then adccquate braking 


_, capability. However, a similar instance to the effects of this 
es problem also exists during cngine stall on cars equipped with 
power brakes and no Perm .device, nite ; P 


ssociated with the engine stall problea would be that the 
anti-skid unit is not fail safe, Snouid the valve on tho Perma 

. unit jam in an open: position, the driver would encounter a 
complete loss of braking power during a panic stop. Tne 
Elizabeth-Perna’ people foel tn2t this is 2 vary remote probability, 
similar to a complete loss of brakes without the Porma unit. However, 
based on engincering eveluctions mace by E. I. Dupont in 1964, thcero 
arc also a number of ofhe> areas whore the unit can fail and cause 


a complete loss of brakiry power. J. F 
~ Occasion:1 slight lags during the last cycle of the unit in a ne P 


panic sto} have been recordsd on the oscillograph. 


«® Jne unit has not been tested unser setual driving conditions when 
exposcd to an extreac Caviscmucntal situation (heat, cold, dust, 


snow, ctc.). 6 : z 


= Tho unit has not been tosicdé unde. extensive use in actual 
driving conditions, ° 
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in addition to tho current limitations on tho presently developed product, | 
other problems cxist relative to further development of tho unit. 


~ None of the 1266 model exrs havo been tested nor has any 
$nfomaation been obtcincd to date which would permit any F 
prototypixg work to begin. Mew automobile model introduction m4 
would be a continuing problem with the present Pema device, 


- Tests of the presently coveleped unit have only been completed 
on certain model cars. Titraucth belicves that tests to date 4 ‘ 
would indicate that ths suit can be expected to perform , ° 
similarly on untested autos. However, since cach model has 
certain unique characteristics, these modols should also be J e . 
tested before any decision is reached on the utility value 
of the device. . ; é ¢ P 


= Tne presently developed unit is not applicable on cars ; * 
utilizing a dise braking system. Use of the dise brakes on ; ' 
autos has beea an increasing factor in tho market and could ! 
affect the potential Poems market if Cadillacs switches to 

‘ dise brakes for their 195G models. Elizabeth believes that 
the present unit can te adapted to disc brakes but further 
information through experinentation and testing is required. : 
- 
Sinee the unit does not presently mect the criteria for reliability, CPD intends. 
- to engage Cornell University for testing of the unit, Should their technical 
evaluation be favorable and indicate that the unit performs % useful’ function 
and a creater degree of reliability can be developed, several alternatives 


exist for the CPD, ? : . San en 
Alternative A : eS. : : hea fe, ‘ 
Neinstate development work to obtain a degree of reliability and : 
shorter stopping distances on dvy pavewents. Following this, Lins 
Singer could . gue re Pak +t ' 
. . . ‘ 


1) sell the complete product iine to another company, 
2) market the product until peosent inventoxyy has 
been depleted, or : ‘ 
3) market the prod.ct om = Sung-term basis with the 
n tho business once the . . 


objective of Co..88Sl25 
present Perna iaveatozy 43 cepicted.s >. 


: Altezaativo B , 5 . ois 


Do not commit edditional Coveloprent fuads for this project. 

‘ Singer then could oe. j ey 
1) write off and cttcupt to sell at scrap value tho 

prosent Poxaa conaltmont, . 
2) attempt to coll the present Peraa inventory to an Oe 

cnothoxs co“pany, % 
3) devolop a mavketing pregeam for the presently 
dovolopea product wath a winisunm of additional 
| product devilo scent GXyonsiG. sy 
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All o2 the previous altesnatives aud gvle-altesnstives ave bancd on a 
favorable evaluation by the Corzvll Latovstorics. If Cornell should givo an 
unfavorable report on the presene and projectcd icchnical capabilitics of 
the procuct, thea Singer would probably be required to take a write-off 
approninating tho size of the total Perma coumitnent ($1,785,400 excluding 
the $252,000 ioss to 6/30/65 cs outlined on Exhibits land 2.) It would 
appoar doubtful that a prospective outside purchaser for the Perna inventory 
could be found i7 tho results of an unsavorable technical cvaluation wero 
made known to him, - 


o 
*J 


From a product line point of vic, ta orsa tbusiness does rot appeur to fit 


sax to be a good base for further 
cesowies Licld. CPD has 2150 indicated 
nitractive business for them over 

ia Cevice at its preseatly developed 

étic luwsuits in caso the Perma units 


in with Singer's basic business nox docs > 
expansion into the automotive parts and ac 
that they do not fccl this is a2 iogict. or 
the long ren. Also, to attempt *o osha & 
stage to’end customers would cre .t2 pos 
yaaliunction. Tnese factors would socom 10 incicate that alternatives A-3 end 


B-3 (i.c., continue to mavkot tha device oa & long-tera basis woulg toth be 


vidcesirable courses of action. 


4 
q Py ee 
en Al Qy Ris ey rt 1 pork | aS Sn, 
Alternatives A-2 and B-3 would appear o- tne surfate Ko be a reasonable nethed 
of disposing of tho Perm inventory if 59,000 Perna units could be sold at 


the xretnil level and the device were techriccily acceptable. Howcver, there 
are service and rarketing considerations that nake this alternative undesirables 
Orce te 50,000 units aro sold, Singer would hove to contend with the following 


factors: : 2 


a) Termination of ‘distribution contracts. 


b) A stockpile of spare -pa>ts tox yossible replacement purposes. 
‘ . . = , , 
ce) The establishment of serviec facilittes for tho device cven : : 
though pzocuction of tne device would bo discontinucd, 
da) The possibility of a significant nddit onal marketing expense 
that would be at risk 47 unit sales ci not materinlize. Tho : . 
d ts 
4 


Td 


size of this possible expense would te related to the buyor's 
resistance encountered at the rote evel. ° 


~ 
~ 


e) A lerge: amount of ill will toward Singer generated by the 
purchese:s of tho device due to possible lack of service 
and replacement parts. 


2) A geeat deal of tine and effort on the part of Elivaveth and ° 
(Cp? manegement vould be spent on &% product lino thn¢ would not 
bo contributing toward Singer growth in tho future. 


Frou the preceding analysis, it would appear that sale of the Perma inventory and 
other Poeraa asucts to another opexating company would be the desirable alternative 
fox Singer, It would ayol the problems nnd considerations associated with the 
other four sub-alternaitives.e Tho ponsibility of selling Perma without further 
devyelopaent vork exists if tho Cornell touts aro {avorablo (Alternative D-2). 
Jlowever, prospoctivo purchasor may not want to pay Stages hook value tiod 
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improvenents through reseaven and duevelopac.t 4 
of the couponents used in the Pew: Caovies. Al 
dollar swount of additional ceveloyamt tors wo 
end technical reliability of the Poswn procucs, 
could probzvly be obtained by Singex upur 
FBlivabeth-Peima people estimate 2 ieug-: 


covelop a device 


systems and 
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odie re : 


would need to expend further 
; syocGuct reliability. Required 
* ovsolete aA major portion 

it is felt that a reasonable 
wid improve tic performance 

2 price closer to book value 
gule of the Perma operctions., The 
“avs program of 9 to 12 nonths could 
nt:oa the perforsance of vehicle 
catal ond endurance factors. 
soupenent malZunction revorts 
would not be achicved throuch 


yesearen and Oeverlopat.n SO Layee’ 


that would be ics 
chat we 1d be testce cu. 
of 2 fail-saie capability 
systen back to nozral 


3. weewe 


this limited program. The cost Of tae .i3l% <culd be as follows: 
. f 
$ 50,060 (Low Pressure D>-oplc aad Vecuua Failure) Fe *. sr 
150,000 (sianpowe>) . 
*100,009 (Test Trex) 
55 ,0CO (Srivirorsscata2 Fost) . 3 


$355 ,000 
—=—s 


Tnis couise 


of action would ive purchasers offered 


2 yery low price for the present N he propesed further 
Cevelopment wor would procuce an acccpt:.die covice within the projecicd tine. 2 
Tac additional purehase price to > ovceined cac to fusther dcovelopaent work » 


should be at lcast $400,000 and p> 


sale of the 


not appecy highly probable, it wou 
presently developed state to anotacr 


value, One 


be that Dli:z 


operation, 


2 
zabeth and CPD managemen-~ 


waoly $200,000 to $1,000,000 higher than tho 

‘r¢ presontly ceveloped state. If this docs 

d be more cesirabie ‘to cell the unit in its 

company or liquidate tho inventory for scrap 

-ra in its presently ¢eveloped stato would 
time would bo freed from this nonproductive 


se) 
Povaa operations in tre 
i 


advantage of selling > 


> <e 


_ a Tu : ee ‘ 
It should be noted that CPD anticipates possible legal problems should they sell 


the presently developed procuct linc to cnothner ps: 
clzuse. 


relcase 
clause, the 


CPS raticipates the possibility of bad publicity should 


even though 
Oac problem 
states that 
advertising 
patents and 
Developucnt 


ty without a specific liability 
The Division also believes that with a specific’ liabil‘ty sclease 
probability of sale to nnother company is very low. In addition, the 
some of the units malfunction 
Singer would not be liable for the walfunctions ey 
exists relative to sale o? Singer's Perma operations. The contract with 
unless the buyer (Singer) expends: $100,000 for marketing, promoting and 
the product, during caleadar 1966 and cach year thereafter, the Perma 
all tools for the Perma operations revert pack to tho Perna Research and 
Corporation for a paymont Approximating $50,000, This clause would have 


to be chanzed through got‘ation with Porwa in the event of possible sale to-a pro-~ 
spective purchaser, . ; : Po i ; as ° 
. . . ° 
° ne , ; . 
. e . ° 
“fF «i ® 4 
; . «| 
- o . 
‘ ‘ . 
. bd * 
. . - 
. out 
é a : 
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This clause basically 


Exhibits 1 and 2 de 
operation to date. 
Exhibit 1. Llizave 


monthly basis as long “Ss 


RST/v1 
Attachncnts 
August 27, 1955 
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tail the Perma investmen 
Explanations and details o 
th will.continue to cevelop 
Singer is involved in 


E- 


t and the results of the P 
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21ma 
f the cormitment are part of 
these status reports on a | 
the Perma operations. 


R. S. Torello 


(PX 90A, p 6] 


[PX 90A, p 7] 


‘Teme wt et ee a Oe omy ‘ ah, 0 0 HPRORERE SS SOUND eT OO cna 


Exhibit 1 


porti PRODUCT LINE 
* porwreY STALUS RVPORT 


; : - + + 8000") 


< oy) Pee > : b 6 Months to . 
, 1964 Results* June 20, 1965* 


rks = @ull Absorption Basis) {Variable ce st Rasis) 
‘ nies 
$ 37 ‘ $: 58 


Xet Sales 


Standard Cost ;, q ; sar? ars te ‘34 


e ; > . ( 6) ae ae 2 oy 24 


Margin at Standard Cost- 


Manufacturing Variance ~ Fav. (Unfav.) (20) - A), % ® beg ( 60) 
Inventary Adjustment = Fav. (Unfav,) jrn.. weer ( 20) 
Margin at Actual Cost * (26) : i: ( 86) 
> ° sy es ‘ 
yariable Selling & Adainistrativo Expen- ; a ae a ee Vis 25, - : 
—_-___ a é . . _-_--- 
Varizble Margin *, eet ° (26) : ar 3 ( 56) 
Period Costs, we Se Nga B ele tas Py ee 
. ee P Ae nd ae ¢ F oe De: . ' ve 
Namufacturing ‘Suse 4 ; ’ : Si". 307#s 
Idle Plant . ‘ s 
Sclling * “6 Vs “ ot -. ' - 
Research & Development : ty, ee - . 


General & Adninistrative ie yi ee 


(26) oe hs 3 9s). 


Setad Pexred Cete- te leew . 
Operating Income ° 
Other Income/Other Expoaso (Xat) 7 ( 11) 
onkanatt 
Not Income BDeforo Tax Y . $(2S) $(206) 
: - eoass ‘ owes 
. 
. , 
% Intered Contract with Porma June wit gue, fe eee 
«* Includes Bot Specific and Assigned Costs phe iD mh: 
. . e . 4 
. : P . ; ‘ ? . ‘ 
; . ; ‘ 
‘ . ‘ “ta ¢ mews) ¢ vs See v9 “1% o hy ‘ 
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. . 
* Shis anowre would bo sudjcet to's saduction for any 
recovery that could bo wid. Prom Mocs Nosearch and 
Develoysacnt Company. * 6 


“ “« 
[PX 90 A, p 8] 
Ty, Ae Rp i ig one art tino arp SS SS Sti 
+ Exnibit 2 
e 
PRA ANYTeua 9 DEVICS 
INVESTMENTS AND COMMTTAENTS AS OF wUNE 1965 
Inventory snd Purchase Coiuaitments * 
Ogening Tiventory Balance 1/1/65 , mee : $ 844,000 
Add: Purchases . ; f 374,000 
Labor and Overhead a? 6 ,000 
1,224,000 
Lers: Cost of Goods Sold ace 34,000 
. 1,190,000 
Valuation Reserve f 20,000 
Net Book Valuo of Inventory 1,170,000 
Purchase Covunitments . 67.0°0 $1,237,000 
Fixed Assots Acenived ¢': Committed (Schedule A) ke gta ‘ 
Gross Asset Value ‘ "+ g 24,400 
Accumulated Depreciation : eae 2,000 
Xet Book Value . <a heh ait leg! eT oe gs : 3 22,400 
Propaid Royalty Expense ; oh ie eae woe i ‘», 220,000. 
(Refer to Exhibit 2 of the Penna Contract and i 
_ the application of royalty payments on.Page 5.)° 3 ee % 
Cost of Susponding Marketing and Withdrawal of Units i <a : 
Fron Field (Poxson's letter of 8/6/65 to di Scipio) e"terrets 
Toraination of the Monitor atract =" g§ . 85.000 . 
Cost of Retricving Units in the Field “4, : Ov , Ovo . : 
Cost of Retaining Nelly of Monitos os a “4 oi © . KC 
‘ consultant on retrieving iuvoatory — ; ‘ 10,000 Bs 
Singer Account Neceivables from Monitor 56, 000% Tey: 
Travel and Other Expenso of Retrieval Program : 10,000 257,000 
1 , Riot ae a6 - 
Other Assets or Commmitneats . : 
Unamortized Technical Services (Originally . 
- $49,000) ; flay: $ 23,000 
Purchase Orcer “oxvmination Cost (Change ° , 9 , 
, dn Part Design) 43,000 Pek 66,000 
* gOTAL $1,786 ,400 
Ps e =o 
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‘ * ee Rr eg TL ere Cle ne ts - ene PES 
‘ 
’ 
: _ “FIXED ASSES - PERMA DEVICE 
° . AS OF JUNE 1965 
- p : 
Gross 
ies ; Asset 
: Description - : Valuc 
| 3 _ fest stand and fixture for tosting . 
Pensa-Vac Anti-Sxid Dovice 
Sensing Unit $ 4,718,35 
Build test stand and fixture for F 
* Perma-Vac Unit * Fa 4,530.34 
Build test stand for Perma-Vac i 
: Anti-Skid Device Pressure Switch i 3,051.36 
“Anti-Skid Recording Oscillograph * "5,940.80 ° 
Gest vehicle for road testing 
Anti-Skid Devico wt “4 4,900.00 
t oe 
1 - Acro Leaf Model 250 H r 
Hot Stamping Press 1,234.55 
: $24,375.40 
. ———S oe 
. 
° . 
. 
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“? 


we eT 


. Not 

Book Valuo 

6/26/65 _ 
, 


$ 4,325.21' 


. 4,152.88 


1,183.11 


$22,434.09 


= - 
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re? coy eee a aN na aN ee ow Neer lems 1 - aae Ho we aeeent - 


3 . ‘ ¥ , 
1. Inventory values are stated on a direct ceit basis, Tho inventory balance 
prior to tho acquisition of the Powna Corporation's inventory and asswaption 
of their liabilities was approximately £360,000 at 10/31/64. 


Ze Fixed Assce value pertains only to thozc ccpital assets purchased directly 


for the Poma conmitneat, ‘Tre ano.ns showa docs not incluce general purpose 
smachines and other fixed assets uscd in the Perma progran that were at 
Eltcabeth before the Pema comaitment was made or that are presently being 

* used in other operations. > i ef 


3. Propaid-Royaity Sxpense is an asset created by Singer's assumption of the 
Poria Research and Developucnt Corporation's liabilities. The contract 
signed with Porna states that royalties would be cue to Perma on the basis 
of $10,00 per unit Zor the fixst 21,000 units sold. Singer would forego 
payuent of royalties on the fixst 21,000 cnits and the repaid royalty 
would be maaortized by Singer as the first 21,0600 units were sold. 


4. Cost of Suspendiny: Maxketint? and W wel of Uaits in tho Ficld. 


——-— 


=~ Cort: eck - CPD has negotiated an 
tennl distvitator of the 
ssont Cistribaution 


a) Tormination of Monte 


agrecncne with Monitor, s- 
+ Perna device, to teraina te 


allow additional units to te scela to end customcrse te Leg ne 


* b) Cost of Notrieviny Units 


id tre Field - Most of the units 
in the Zicld.are held by iion.tor and theiz sub-distributorse’ ~ :°* 


reat It is Singer's intention to take back these field units 
; regardless whether they were Perma manufactured or Singer, 
manufactured units. . <- ; nt Tnsees 
“se ge R ma : 


~, 
c} Cost of Consultant - Singer has reached an agreement with 


’ Yeliy, the head of Wonites, to be in charge of tho retrieval 
$ program at 2 cout to Singer of $10,000. : 


a) Gravel ond Othe> Sxponse - A cost of the retrieval progran 
will bo about $10,600 sor travel ad associated epxensese 


¢ 
6) Singer Accounts Racervahle “zon Monitor - Singer soid a 
number oz units to Monito. during 1965 which were placed 
- in tha Monitor warehouse, ‘nose units were sold on & 
credit basis. Snovld Sin je> Lieuidate their Perma operations, 
Monitor would in <1Z poe bility nos be able to settle this 
account with Singer. ‘is waowit is listed separately rather 


Pa than included as part of the cost of the retrieval program. 
. ¢ e 
bs] . 
~ ? ° Sy . 
° ae : e | 
a ” . 7 
. . 
‘ and I 
. vp continucds.s 
-* y C 
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agrceonent. Taz $05,559 3s-% “enent represents 2 portion *, 

‘ of the expenses incusred uy -ttox in the prelininary : 
promotion of the Peis covite. Turing the period that aM 
these expenses were inewrcct. ‘sy Monitor, Singer did not | oe Sa 


os a ae, [PX 90 A, 11) 
es f 
we * 5 
’ ‘ : 
(e ; : 
\ . : 
. -2- . aes 
5. Other Assets or Gematt naonts 3 . : . 


a) 


\ ii 


Unovnort i: 


. Contsact, oi: 


. $23,000 represents the 
. at 6/20/65. 


\g part of the original Perma 
the Perma Rescarelh and 


sod Tee ae Load 


rs svclop NORE foal consultants at approx- 
tely $3,005 = m6 5 atte tos 6 :tihns. With the exception of 


the lest ©2,,000 payneat, ese 69, 690 fee has been paid and 
: is being amorcized cvor tis 32 onths of calendar 1965. 


un.certised pestion of this payment 


‘ 
b) Purcicse Order Tesi: or, Cost = ged tho acquisition of 
the Pesac iayonbiny fron tne ysi7e Research and Development 
Corporation, certain desiya changes were*made on the Pera 
‘ anti~-skid cevice. Sinee these changes made certain parts 
obsolescent for which there wore cor tain purchase order ° 
commitments outstancing, Elizabeth will incur an apenre 
of about $43,000 to cancel these coamitments. , rer 
i M4 ; b * © t 
- a <<‘ ati “= 
\ ee * e: ae? ey “ 
' > . 2 ‘ 
' * me ft . 
} . . . : at AES 
. » : ‘ 
. : ‘ ‘ - +. Soa i ; 
' : . ; Satan ve £ 
‘ : I - % . 
; . ; 5 
. 
+ : . : . ‘ 
; ad ont . * . s 
. - yt ‘3 e* 
{ ae . - ; 
é ‘ i 
| te ; yh rs * th . 
i ° eee am : 
' ¢ Fi a bt > ° 
¢ - . & 
‘ ‘ . ‘ . 
‘ e te 
es 
| . bs ° + . 
e . é . 
. ad ts. 
. . ad 3 ’ 
: | 
- - re erry ee ee on or pay Tipe RO 
; a 


(paragraph 


E~ 567 [PX 90A, p ll] 
5. (a)of PX 90A, p 11 is transcribed on page E~-567A) 


\ After viewing all available copies of the pre- 


ceding page, counsel for Appellant believes that the first 


paragraph thereof reads as follows: 


"a) Unamortized Technical Services - As 
part of the Original Perma contract, Singer agreed 
to engage the Perma Research and Development Cor- 
poration as technical consultants at approximately 
$8,000 a month for (6?) months. With the exception 
of the last $8,000 payment, the $49,000 fee has been 
paid and is being amortized over the 12 months of 
calendar 1965. $23,000 represents the unamortized 
portion of this payment at 6/30/65.” 


E-567A 
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PLAINTIFF'S EXHIBIT 92 


eo” 68CUS See 


———— ane 


~N\o 


‘ as orising out of breach of represe 


a + “get SE 
EOE Oe RO COMPAR Y, 


tHinty nocnereteen PLARA . ‘new ¥o a 20, uew TORK 


consumcn pnooucts oiviDion - # s P 


Seater br hie ene ag Pid Geptenter 9, 1055 
Perma Research end Development Company 
345 Fast Weshington Street ae 
Tlorth Attleboro, Massachusetts ae wre Pe ae 
Attention Mr. F. Perrino, President — wrasse. ae Sots : 


Gentlemen: en 


This will confirm the conversations which 
at your offices on August 30, 
preoseny on behalf of The Singer Company and Nessts. Perrino, pDiPeneict to, 
Krotzyk, Karp end Mainelli were present on behalf of Perma. 


‘ 


» He appreciate ‘very much the cordial trentment we received frou 
Perms, end the friendly atmosphere in which the discussions took plese, 
but we would like to make it entirely clear that we erc faced with « rast 


serious situation arising ou 


As we told you, it has become necessary for us to recover fron 
the dealers listed in Schedule A of Exhibit 1 of such con 
tory of the product and further to recover the product fren the hands of 
users. In one cace it has been necessary for us to conpenoat 


promotional and operational expenscs. We regard the 
ntations and warranties on your par’ 


for various 


and further out of your failure to disclo 
the position that you arc obliged to indemnify us in “his respect. 
total anount of our demages cennot yet be 
you gnforned of our position jn this ‘respec’; 
subsequent to ir. 
are clearly greater tien the amounts me 


in? 
in light of develepmen.s 
ntionea theresn. 


We would further Like to confirm our discussions to the erfe 


that such recovery effort 

hope to eotablish whether 44 49 feasible to modify the procuct 50 ths 

_ 16 narketeble. To this end we propos: to preeure the evaluation of « 

_ ‘qualified, {neepencent Laboratory and have 4n fect {nitiated cdiscussicnrs 
with the Cornell Acronautical Laboratory of Buffalo, New York. : 


tee ‘ 


ee 


weer 


E- 568 [Px 92, p 1] 
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S 4 


ee ae et — we) ae 


took pince at o meeting 
1965, at which the writer and Mr. Dorios vera 


t of our contract dated December 21, 1%. , 


tract their inven 


eo a alatributes 


se expences 


se pertinent. informa*tjon. ve tae 


fully assessed, but ve will keep 


McDonald's letter to you of June 22, 1965, guch arnge9 


t ‘ 
4 w 
4s being token’ to minimize ow dooages. Ws aico 
a®% 45 


ee a ee 


<— soo - 


oe ED “ 


eo oer = 
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° Perma Research and Development Company . Pose - 2 


‘ 


| ° 

Also, if tne occasion arises when the assistance of Mr. Perrine 
becomes appropriate to this cffort, we will ict you know, In this respect 
Mr. Perrino's assisvance would be called for pursuant to his letter cprees+ 


© wae 


ment with us dated December 21, 1964. her 
The remedial action which we have outlined above is being unicr- 

taken without prejudice to any of our rights or remedies in the premises, 

{ncluding the right to indemnification. 


| 


Very truly yours, 


Ha Bae 


PROP eC aR ge Eon ae 3744 Be C. Person . 
: Benge. POR ber al tae “42 Director of Technicel 
a ee a ea a eee Services 
JBCP:1k yah yore ‘ 
ce; Mr. T. P. Peacock - Winthrop, Stimson, Tee ms 
Lee Putnom & Roberts OSS 
‘ <«. ‘ 
4 
a P 
, i” 
‘ t 
ie Ses 
¢ Pe * €. i 
‘ “) # é* 4 
*}$. s 
’ of 
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————— Cena ces ears wae cinenere ieee” 1A AA SOLID DLSS Ae SODAS SS 
; ’ . ° cc ae . bi fh ee : e . 4 . 
. 2 . ; ze : 5 ? . = “\ 
: a | PATL-SAPE DESIGH De prorsiens ov Pests ANTT-SKID DEVICE ee ae : 
° e . : . 3 : oA... s 
6 eis eat OVC pe pi ee eng el FE ° q 
5 ‘ es : a” i . 4 r é *. - ae ‘ s 
terevintion af Fallure ; : fa BRE ee ES “tk tect Of Design. aia = Wi. a 
Yaten Causes loss OF = =—* «Des cription of Brake * Re cS aga” am On ‘Preaant o 
Pe AT ae 1 ee lower Failure Possible Design per orang aw2tentorios : Remarks . o. 
. : ® . : . * ° - 5 Pagers Bara . ‘ ote es ~ 
. Drake power availe .- .@, Provide veounm reserve ae o Ho : aie "It apgeacs Sint 


3. Cerpiete lous of. 
ynemws dug to ¢ ic 
stall-out or J 


abllity xraduced to v , tonk - ei 


“ob, Hajor redesign of nn as he 


tho rocotmendcd... 
# Vac Units xv 


: : _. | miniaus é 


-sless than half of. 949 . 1 


90; of Porwa-Vae 
Would be ucrapped. - 
It is hard to de-* 


* venerve tank - 
ssutficlenth: 4 Lea 
“enous be peng in: 
vacua fav 2 69 


a z ce pe ee ae. Se: 4 * SF Ta, > Rereene Oe extent” toh. OF ateatle ~ 
; : ‘ Pe de , 2+ Decrease bore size 3. : of changes necded stop world went 
de oo : oe 3 sR ge ‘ S| 1 eae oe Seaning Unite = -. dnstallaion — . 
Se aes Se ge Por: one ee 72, Incrcase stroke ae s x Ss without rien J provless, ‘Thls 
a a a a ad Hy TE, Sire s' Sea at". the benef Lt © , change trould als 
at 4 Se "5 vo Teste + | £3, Increase container . Sie reliminary dcoign fnevease the ole 
ae ” Ci ae a . a a dlawater, ,e-4 19 wane and.pal- - of taunting cont t 
.. . eu ° ret o .2 ‘ on he ee - - a > about $19. C3 rts 
ee = See is en ue net vy: We Change ‘apring ond othor ‘®s2acynit, Inatallet 
é : € ; ; SOS Teehts® ports: . : “s*¢on blaa and cas 
Z ‘ : *. ‘ s*; sie. g os he 4. would also In- 
* ae , a eb eee oka ae fiuid, thou hs . yt! i. GPGASC. 
%- e me as. #8. i ae or cete ie C+ xtem. 5. moy involve changes ies. * le Fn ls . Db. Pestun caleutast 
= AF es lar eee oa, (PE A a in § Sonatas Unit. . See ae ge ton <4 based on engine 
oe : e =] “ Wis Pes -e Yy ee 7 ae nett, : wre a wee s erformnce e2ta 
2 = nt Pet on 2 ae ee es ; Gogo a + Se ee ge eee oe 8 Amiting tsetor 
x: oer Sape\ nae : ets LE gt Re eee i! be unde to és ser 
ee - & . ‘ 2 : * : Th ee sae 4s Se ee ee nine whether Ces 
“5 = i be . ° . . . e tte : te ° ° ai : OR a ee at \ results cana re 
7%, el: feo pes tat RS io oe ‘ ay ig ea) ba ee 2° ‘ebtained 
S: 4 oe +4 ° . My . - . “ 7 ras . ag one ae % oe 3 a - 
t . ‘ s(@ . ee ® , . = & as e 
et = a 4 k Pt Ce be rs ° , : “ - o . ; ’ . | A s3 as . : ; ‘ ent 3 2 2a © a 
*: ae ee Pods. 8% a A, Soest te teee a be pee (the last column of <> 
E : “% , : Zs : ES ce en a Ve ee PX 94, p 3 is trans~- 8 
ee sitet e. Farm *9 a dts 38% : eet. if cae 7 aS oe heme 4 ctibed_ OD pose — E-S70=A) —_ pe 


After viewing all available copies of the pre- 


‘ceding page, counsel for Appellant believes that the last 


column thereof reads as follows: 


"a. It appears that reserve tank sufficiently large 
enough to provide vacuum for a 60 m.p.h. contcolled 
stop would present installation problems. This 
change would also increase the manufacturing cost 

by about $10.00 per unit. Installation time and 
cost would also increase. 


b. Design calculations based on engine performance 
data limiting factor be made to determine whether 
(desired?) results can be obtained.” 
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eyeling 


2d fov “liven 
vehtele specd dnd 
rord cucfricient of 
friction 


Janmaing of rotary 
Valve in Vacuun 
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TolLal loss of brake 
power aS any speed 


1 Al ternoatives 


for rédenign of 
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and drive 


atpanrar 


ynger solenold 
spring, Sol.enold 
coil must be wound to 
generate cnough magnetle 
rower to overcome spring 
selected 


‘oturn 5 


Change valve design srom 
rotary to lincar notion 


effcoct OF Nenagn 


ventorien 


* Change On Present 


a. Sensing Units and 
* drive cuingonents | 


; obsoleted 


Solenoids would 


be obsolete 


Sensing Uni 
would be ob 
503 of comp 
scrapped | 


ated. 


> antg 


Remit 


This Lintltet’or i434 
0 ° cates crete teR dere © 
ict. 

vetierl ; 
in is being ine 
igated, Tt sionld 
noted that the 
sging could be 
tributed to eltiier 
_/ both f.sus 2 and 3 


.atbhlaty 


a 


. 


If this mov redesign 
were underteien, we 
should also mre tie 

¢ changes in altemate 
be: Toad 


savlotten OF Faddeve’ 
nia Gana Tass OF 
eee | SSD. it be, ae 
Reduction of engine 
yaoi. ducing ; 
cycling 


Penavi oti Of cveke 


___Paser values 
Partial loss of brak- 
ing power ab end of 
cycle. Usually 


-oceurs at specd of 


Seed position 
ralzblonsiiy of , 
goveraar ond) revary 
Solve inconsistent 
with locking pressure 
required for given 
yenicle speed Snd 
yord cocariclent of" 
friction 


Jusraing of rotary 
valve in Vacuusa 
position: - 


15 u.p.h, and results 


« Jn longer stopping 


diutances 


"Sumo an above 


Total loss of broke © 


power af ony speed | 


. 


Possible Dealyn Alternatives 


- Change valve design frou 


. 


" xtfect Of Nealgn 
* * Change On Peesen’ 


Inventorleds 
Cernoteves . 2 eres 


Same a8 1.-3 re 


ee 


Same as 1,-d’ 
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a; Sensing Units and This Lintitat‘.or °49 
* grlve components nos ° aus sete ics : 
, - obsoleted - . oo 2° (ICE. : ai 
. er hs * «evel inel pte. Abd ey : 
h ls telny ia- 
ignated. it should 
* noted that the 
sging could be 
. ; .  .erlbuted to althes 
e ° _ ff both < a3 2 and 3 


Hnjor redesign of . 
Sensing Untt and drive 
train * : : . 


git at eo re ae 
provide stronger solenoid « .. Ge Solenoids would «° 


return spring. Solcnold 
coil must be wound to *. 
generate enough magnetic 
power ta overcome spring 


be obsolete 


. selected 


-b, Sensing Uni ‘ 
would be ob -ated. 

50% of comp «ants 

oe pean: scrapped | 


I¢ this major veéos ign 

vere underteien, we 

should also mrke tine 
e changes in altemiate - 
‘ ¥5¥ ‘ 


yotary to lincar motion 
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Scuewarze SWIG MOCITICATIONS FOR “Tall 5 ADE 
° . 1D HIGUER 3PAFE PRESS'IBF, , 


See a . 
Fy. isate for be {pileate... 
te eraziiced Seay 
abbas poppet Gs 
The original ceansfer valve is now wodified ae fellows: 
Covur rewerkad te receive doscrited pitts 
Gora sanulscturirg operations eliminated 
Valve ie now 1 inch shorter & inch emaller in dianeter 
Inetelled in hoew line simplifying aseer>ly 
WOTR: See Schomatic @ } expleded view and explanation - attaci. 
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“+ pressure ,awitch) 
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TMOSPHOSE 
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© 
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@ 
Me) 
e 
— 


exploited view ané explana 
ation - attached 
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. 


ae he Deis Dt) 
a J 
* o. 


OTD FS , 


PERYA RESEAACHK AND CE'Y{ELCPrENT CO. 

Yoveaber 3, 1963 «- : 
. Schematic -. Fahl Safe & Increased 

Pressure, 1. . 6. 


. 
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MODIFY Schematic {2 


CATION FOR HIGUER PRESSURES 


a e “ae P Ps e pao | 
> F . |wew-SESTGH + wong. 20 ORIGINAL DESIGN 
W/o Vac. 2500 PSI’ ~ ert ae ., , Zo vac. 500 PSI 
W/ Vac, 6000 PST iS Aa coh se / vac. 1200 PST 

. "y - a ? 
: é " : i ie : * *6 “* e- Piles e 


cA 


REORY: (S hallex sdclell lava exposure pyoyiags APe 
id. (7% th he original-design the 4s inch Io360/Act exposed 
“artes. a bey. driver| (without vacuum, prosstyé pinpoy We rcp 53: 
ida dy’ Jip the ney design’ only 5/32 of the adage | ha MRbOe 
lid angie whereby “sncréased pressures abe PY nods ly % a fens 
} ‘4 b ; 
300 Psi). an | H4 bgt 
ig. (3) ‘The check valve shown prow. *" an escape“icic trappeh lute’ t 
anveiag popitive sca ing of the Del. i sext and the Lone plug during cach | 
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Sioveder 9, 1965 e ; ae 1 
. ate e 
ReC NE TD=EY COURSE OF ACTION FOR 
mt ALT YOR) CerTROL FAGGIAN 
RUA ANT Sos i on ea aa en le 
¢ ¢ 
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? 
ents the second report of the Perma 
%q thin »xeport we recomend that 


Control Task Porc. 
am of divestiture 


Proaucto Division cnte> o& progr 


a ve propose to take the following 


% 
sey-hayes to t2st units of our present 
yy hes Leen Aceves 
eerdug dincussiors lest March.. 
expect to mein from these tests (a) on appraisal of tho _ 
(>) an oexprossion of the- 
yes' interest, ond (c) somo additional 


412 be taken to ensure test 


extent of Kelsey~te 
tert dota. Arproprinte steps ¥ 


‘ yeoults exc kopt vont), .cntial. 


Work with the Corporate Develozzent Offico 4n the devulop~ 
rent of a stratecy for epproascaing potential buyers. This 
otrate zy will includes . , 


a. 0 list of cexzenics to be approached (a tentativa 
List in cttached to tho yerort)} 


b. the desive price end torD9} and 


ce. the minimus price that will be acceptadlo. 
Continue to meet end ocotiate with Persa to goin thoir 
wideratanding cad to introve tho tern of our present 
agreement. The royalties Cue Pers under the prosent 
nereement ana the xveversion clause both reduco tho 
abtyactiveszse OF ny pacxagea wo nignt offer to a pro- 


cpective buyer. 


tenga ace VY, Byers te doteraine vies npocirie 


iia a 
BOO Wileee erie Uettowe 


wosistcrce ha ato proshere e 
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RICOMIAIDIN CCURIE OF ACTIOWU FOR “ a Se 


pista ANTI-LT ITD CONTRO, PACGRAM Page = 2 


Firelly, we believe thet a reserve of $1.5 million chould be planned 
for in CPD‘s3 1966 budget to cover the possibility that the present i 
{nventcry 13 not periztable and we are unable to find a dwer. 


Unleso you take exception, we will proceed with these <{aplomentation 
steps, keeping you duvormed of Ol progresses 


Crigine! Signed by, ° . ¢ 
e a 

B, C. Person ; 
ne af e , 

TCPsik ; . 
Avtae y A ¥ . m 
. . i 
° : 
. e t 

— 

mgr i 
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POOSPECTIVE FURCHASERS 


Anericon Motors 
Kelsey-Heyes - 
Calf and Western Industries, Inc. 


Mare:ont Corp. 
Midas International Corp. . 
; ‘ 
Royco Menufacturing Co. (A subsidiory of B. Pe 
i _ Goodrich Company 


Detroit Gaske® ond Monufacturirg co. (A svooidiory 
_ of Indicn Head Wills, Inc.) 


Diveo-Weynac Corp. 


Stendard Products Co. ” 
Bendix ~ vostingsouse Automatic Ada Brake Co-« 
Curtis-wright Corps eS iy: 
Mock Trucks, InCe 
Pirestore TMxre ond Pubber Co. 
Generel. Tire and Rubber CO- 
Assocsated Spring Corp. (A ubsiaiory of Bovman 
products Co. . 
Americon Bral:e Shoo Company | ; 


© 


Dorg-Wornsr Corp. pe : 3 
‘ 


cee Ae ne Sa selina 
ee ee A et 
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“DRAES 
. COMP IDENTIAL 
20: Mr. As Gi Scipio 
Pacis Perma Anti-Skid Control Tasx force 
SUBJECT:  PERYA_ANTI-SKID_ CONTROL - RECOMENDED COURSE OF ACTION : ant 


Tnis menorancéunm presents the second report of the Perma Anti-Sxid Control Task 


Force. in our first report we recommended to CPD management that the marketing 
effort be temporarily suspended and the units in the field be withdrewn because 
of the heavy legal exposure faced by Singer. The withdrawal program has moyec 


along rapidly and this exposure has been reduced sudstantially. ° 6 
. 


In this report we recommend to CPD managemerit that Singer enter & progrea for 


Givesting itseif of this product, recovering as much as possible of our investrent. 
o ’ © 


Tne following portions of the memorandum present: 
1. a brief review of the background of this problen 
P 
2. tne reasons for tne Task Force's recommendation 


3. a plan for implementing the recommendation 


sketchy reports recoived after CPD became responsible fon (see Perna 


°4 


Anti-Skid Control program indicated tnat this program, in which Singer has invested 


nearly $2 million, might be in serious trouble. First, reports of technical siort~- 


comings in units’ alveady on cars suggested that Singer might be faced with serious 
lecal exposure. Second, failure of a redesignea unit to perform properly during a 


Gcen.onstration for CPD manageus%% Cast goust on rans, waicn were &lrceady uncer vay, 
“20 bake Comuitments for an eniarced rarzeting procran. (Tats decree of unrcaicdiaaty 


is erisies2 in a product which is sold as a safety éevice and aficcts the lifts ve 
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et nach a et - 
MmTeSSlD CONTROL - RECCVIENDED COURSE CF SCTION . : Page - 2 \ 


ees 


in view of the aoove, you appointed a Mask Force to make. A .omprehensive study of 


2s progran in order to (1) determine whetner any immediate action was required 


regarding units in the field, and (2) develop a-recommericed course of action for Cry 


management. The stucy was to cover the technical validity of the product, the impli- 


Gations of using Singer's name, the legas aspoots--prpduct liability and our contracts 


with Perma and with our distributors, the financial status of the program. and the 


possibilitiesfor divestiture. 


a 


ic initial findings of the Tasx Force confirmed the fact that there were te anical 
ficiencies in the product and that Singer's exposure ™s heavy. .Thus the withdrawal 

program, estimated to cost about $250,000, was recomended end undertaken. Field 

reports received curing withérawal confirmed the need for such @ program. The more 
tly action of withdrawal of units rather than replacement with redesigned units 


recommended because the date when a proven, redesigned unit would oe aveileole 


site . fr ae 


indefin ° 


WE 


Tne issue now facing cep manag aingiist liens on a future course of action for this 
progran--is a difficult one because of the $2 Wiliion already put into it. Almost 


haif of this anount, or $1 million, is in inventory tied to the present design. fFrour 


alternative courses of action are open to CPD management: 


1. Make further investments in the product to bring 4t to a point, technically, 


where Singer can make and market it, 


6.2) . Try to divest ourseives of the program, recouping as much as possiole of 


investment. 


urn to Perma for recovery of our daxcges in the ‘program. 
1 


i wer NE Irs ae Ort TUT O ire eo. 
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Pen hee 


te ty gers ; ° a ae Pe AS wf 
epee Tice dad ack tae aes \ 


SCOMSNDAT- ON iy a 
. ¢ . 


Prom our analysis and evaluation, the Task Fores recommends that CPD degin imnediate:y 
y ' . 
+ i 
0 Look for a means of divestiture fer this prograa because: -(1) if Singer is to 


continue the program the probability that mujer additional investments will nece 


7 : 
so ‘oe made is high and the chance oF zecove: Tang bec total investment in the marxet- : 
basically 
place. is low; (Q}+ne-proecey is inc oss wakent ssn Strective-fox.Singer; 
J. . 

and (3) our recourse to recovery of investnent from Perma is very limited. tt 
te Ws oe ee sere bigs TLE OAL RS BT WETS & Ue: 
Sas : $ , gtY Sty Qa aun Vert as 4 
Mirh Investment - Low Chance of Recovery ae oe | 
‘ i! 
Ghe Perma Anti- Sxid Control unit is not ready for the market. This conclusion is : 
* se@eties a? : i 
t 


reached in technical evaluations from both the Elizaveth Engineering staff and fron 


ne Research and Development Divis’ fh. Fromate ..cal and marxetediiity stand- 


TT i 


point there are three major areas of deficiencies: 
1. The present design is not fail-safe; that is, should the unit tb fei, it cowlé 


lead to a “significant reduction in or conplete loss of the rormal breaking 


. 7 capabilities ‘of the car. This deficiency is of critical importance 
ne vs 


, ‘ aig el 
because: ’ (a) Singer's, counse2, advises. that by not being fail-safe the 


product greatly increases Sizger's legal expos ire; (bv) Singer's Insurazce 


eee advises that Sinjer Could not obtein product liability insurance 
. 4 ; 


sAd- te ; ae 
sf we knowingly Sexi a procuct wiacae due to inherent defects, could cause 


, an accident; (c) specificaslons estaviisned by some’of the auconotive 
companies require that an anti-sxid unit be fail~safe; and (ad) tne damage 


to Singer's quality reputation on its other products could be severe in the 


event of publicity stemaing from a lawsuit where this design deficiency was 
’ ‘ 


brought out. a . ™ 7 : 
, ze ry , | 
2, Tne present design fas several operations. defict er.cies. Tre ones of =0s*% 
gh wth i — ee ieee ow As Aw 4% p—~ i Nenana Sane o( —— 
Cunecesh ares (a) benno revrN Who visnemdibintny eerie a Sia “eed MS LL oa4e zin9 
Ny at reesures do not reach der! *s cracif.cations; (d) the mochanies of the 
In . precsures G Oy Teacy CFL OK Spas Cave Ole, GE BOCHARLCS Os ‘weae 
* : 
‘ . 
bt one 


{last paragraph transcribed on page E-581A) 
E- 581 A (PX 99, p 6) } 
' 


After viewing all available copies of the pre- 


ceding page, counsel for Appellant believes that the last 
paragraph thereof reads as follows 


’ 
"2. The present design has several operational 
deficiencies. The ones of most concern are: (a) 
[under low vacuum pressure from the motor (?) brake 


line pressures]* do not reach design specifications; 
(b) the mechanics of the .... 


This material was struck and the following handwritten 
material placed above it: 


"when the engine stalls 
during a panic stop, there is a loss of (?)" 
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af 
, system are such that at s.o# eens, vaee es a slight iag;. and re 4% $s 


possiole to “fool the unin” - wo% #5, tne brakes can be appiied gentiy oF 
} 4cy roads and result in 6 sxié without activating the unit. 


| 
AE ee ene ; | 
| 


3. Reaiadsdssy cating of +e components and of the total unit 45 far from 


complete. Some Dench endurance tests have been performed, but compared *0 ; 


safety of a car there are ™ajor shortcomin s. The unit has not oeer field 
P 


the level of testing that snould go into 4 un**, that affects +... vasic | 
‘ “Cad a opel Boma, :| 


tested (1) on ice end snow,, 3) ce varying-environnents guch as extremcs 
: | 
of low temperasures end nigh +em, wratures, dust end freezing rain, @ SG04.6 7 
(9 oe Kev, here OF w | 
altitude y 6) under varying car loads, 7) on cars where motor paintenarce 


is poor, and (9) over extended milecges- 


0 Elizabeth ensin eers estinave a program +o rezolve the operational gefici encses (2.0% : 
tne fail¢sate prool en) and to provice adequate * esting may require UD to one year | 
ané $395,000. This design persod enutd casily ve extended in tine ané the cost 
énereased to $750 ,000-$1 ,000 ,000 Ovlag 7 The neture of development wor, and to he ( 
% ‘ r} 


convinuelly changing design criteri:- Diss %craxes are now appearing ~. a nusoer OF 
new cars; the Perna unit 4s not now designed for éise brakes. Frort:.. e¢1 drives 

“ave appeared on the scene; the unit is not éesigned to operate with pe 
grives. Also, the unit is not designed to operate on cars with gear shifts or on 


cars with front <wneclL taxcoffs for The speccom2ter. : . : 


Weire the added investment 18 nigh, the proscoility of recovering <ne 
0 sow. A pro FOTma dncome statemens £25 70% ocen prepared Decause OF 45.7 design inc 
, 


4nu3 *he manufacturing costs are gtili changen3- However, these factors are WETKING 


ecainst Sinceys, (1) the adéstronar sesice O74 encincering time plus wre Gcees 

oc nt Can aca tvO yours VO we grecaneve. 7OAne civen On tnis pro’oce Se ana 
+e be ‘ 

outset of the Progra, moving it * .-:, gt of 3907 VO tne end of my, (i) =F 
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she impetus of government interest and threatened iogisla tion, tne auto compant S & 
ve 4 


eel ampew 


wouné +0 be working on similar or competitive app 


roscnes; and (3) our Patent counse> 


wp ntclice he he nene thet med ol paced from 


céivises that the Perma patent is not oroad enougn vo 


A 


. *. aq 
; ssheuaitt t,o 
istho Posts Dsizcss oc SUssesze™ re : 
ae we ; 
tr, 1 4 


tne risk of, recovering gust investnent; 


we efhit.on ¢ 
oN BOG4L.0% 60 


: tow \i vide %A6 Nedye « ‘ eats m3 
“pity. one product does not meaxe @ product 2 
y ta Ges 


not on attractive -oucinesafor Singer. 


Heavy investments in engineering stafis ond autonot-ve testing fa ilit 


vequired to compete ir the industry. Zven with this 


whetner a controlling ition could be attained be 


. 


engincering skills of the Big Three 


$n créer to recover the demezes from this venture, 


Par Veit Wea 


Shows ~ney-neve-a neZz zative net vorth and essentially 
i. ‘ 
Aotlen Plan 


Qo implement our recoxmendation, 


i. Arrange to test cur unit. 


with Xelsey-Haves 


evidenced -interesz in such vest 


(a) technical discussions 
* 


indication of the extent of 


performance Gata on the present Cesicn. 


-% 


arrange for a written agreement on their Gi 


tne letest Dun & 


the following action 


March. ingcr would expect 
ang appriical fro. automotive enginee=s; 


KeiseyeHsyes' 7 


sclosure of 


“designing 


preclude around it". 


M2 Presi. 


.°? 


threugirproce “ang with whe-pro- - 
vy ie? hk ae 
ine and the automotive parts business is 


wt 
6's TR-eéaa at 


ies would be 


investment, it is doubtful 


cause of the purchasing power anc 


no assets. 


steps are proposed: 


ean” ¢ 


This manufacturer of braking 
s “since“snivial- engineering 
to gain from these tests: 
(b) an 


terest; and (c) addivional 


Prior to any testing we would 


resvlts to us anc 


on their holding ait information cor Lrtersai use only 


y 
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| 
o\ 


for divestiture. This strategy would inelude a list of prospective buyers 


oe 


in order of priority, what we would like to get ina sale, and altern. tive 


terms of payment. 


e wnat assistance he right vrovice. 


r Evers to deternin 


+1,9+ 
“valve 


. 
Continue to meet with Perna executives in an effort to inorove tne teras 


_of th contract. The reversion : sause and royalty payments in our agreement 


. 


with Perma detract from eny package we mignt offer. 


Tne reversion clause requires thet veginning in 1966 Singer incur expenses 
k ; 4 : ‘ 
of $100,000 per year in promoting the device; if not, Perma cen ae 


tont rights by pay+né, certain specified svi of money. The royeity 


+hn 
¥ =~ 


ac ¢ 


ou 


schedule br iefly is: Bye ere ite, 
an, Sabin Hi Toor b%¢S be few sh 


i, None on the first 16 000 units” 


nn 


2 $10 per unit 0. the next 20,970 units 
Abek “26 6,720 neta J = 
SA) is of Tacvory prace for 5 years 44 of Ff tke eee Yeon 
he, Soteu & OFF 


‘ 4 " 
ed. A ofan Ore == 3 SOY CEL 
ey f 7 fea pod. 
C. Ly doe ares foslens*) Lehr ates ef ki fee me 
ergt, Qe 44 0 ET, ¢ by kick, Cane ver, Lye Gd Aaecciacinst hy M1 
We woud iaine to Climinave wie reversion Clause and Yeplace tae royalvy ¢ 


' 
seheavle with o revised scerccil tnat would yesorer Singer' s investment 


first and then share any proceeds wath Pema. ~ 
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8 ono (ses), : : ) ; <a : 
ae RIA Reeth i N = (e 
MEMORANDUM ia meee iS I IN) G le IR 


>» MOCKEFELLER PLATA © NEW YORK. & ¥v.190020 


TO: - Mr. B.C. Person’ | | Reh ; 


- 


FROM: Alfred di Scipio 
Your subject memorandum 


a Hemet WM sisi 
: ; a to me, dated November 9, 
SUBJECT: Recommended Course of Action for : : rie 1965 


Perma Anti ~Skid Control Program 


¢ 


1 amin agreement with the four-point 


Confirming our discussion (in the dark), 
Please proceed accordi ngly. 


program outlined in the referenced memorandums. 


With respect to a reserve for 1986, I have requested that we include a two 
million dollor ($2,000,000) pre-tax reserve for possible loss as a result of this 
‘program, Any such provision in CPD's budget would, of course, be subject to 


Company review and approval. 


hbo. 


cc: Messrs. S. Boriss ° 
R. H. Elman 
J. £. McConnoughy, Jt. 
J. J. McGuire 


~ P "« Pot mom ow * 
, IVER 


OY. den tad Soe 


MOV 12 1655 
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‘3 OH eee ee 
Peet mocnerecies ruate 


ar. Prank Ae ” Perrino, ‘onccleusk 
Perma Recearch and Developrecnt Company: 


345 Best Hashington - "sees Sa ot A 
Forth Attleboro, Mansachusetts O20). Dee ci Be tie! 
eee es he setae! 


hae 


+ . 
‘ 

2 s5 

Sie 

~. 

ee“, 

& 


Deer Hr. Perrino: 


: mee "this pert ioonaiek ‘your: ‘letter of “Hovember 8 1%5. We 

‘appreciate that it was prompted by your évaire to improve the situ- 

= ation, but we find much in 4t with which we cannot agree and cert ain 
~ statements which we = to be ih OE Me , 


a 8 at 
i 


ye Pah . " Rin 3 
rs a ae yr. howe: has eiveti ide op 


sf 


inion on the sndinneet ng suesen- sent 


: , tions you cake, and here _ ve regret thet” we are vanple 49 access Nh ct 
your VAOves, ce : ts as Weert ses a 
TE Ne ae eed SPF ~ gen Fv bfee Taytsis : 
ets Ve are ‘Monee 40 note: your scaivelanbink that’ she oie ‘of eee 
,'. Singer and Perma ore presented without prejudice and gubiect 20 Rik al ares 
understanding this will confirm our plans to mect and hold , further ea eas 
discussions on n Hovenber 22, 1985. 4 bid ES Se aS 


A 7 ‘ ig 
rs pars Mr. E ao ‘neater, a patent sitired, has saqntavet énrtain 
aha <! Information from our Fatent Department, and we will be pieaced to daca 
Bytes fs % nish it to hin upon the sone oa . : Piet ‘ 
be R ae fe ee tie ; ‘ Pia Ss ove 
re ts very bay yours, a eh! 
eee XH! NO? 


pee = * BORAX. FEPORT~ 
move elds | 


Bs -C, Person 


_ Direct or of Technical 
*, Services . > 
. sae 
m % - ae « 
‘ ; bh ane 
; . . tihigg. 9 habs ”- 
.* ‘ ? - Aa eom a 
’ ° . e* - “ _ 
e ‘ i) Se *o oF Rois r hy ——s 
.* Py ve . 
‘ : 
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“4 ; : é , ST Aree tS a cee eT Ce a 
ny \ ° : ar aes ¥ iy be gs ‘eee, . 5, yimce i Yel oe H 
a al he aa itera NEN et Be ea Pinon) nM Oe ee 

Weekes ? ey tee aes ‘S Sa ee ee > ee ae Ys. Ar ay Y iU5 
oe 7 4, &- SiN G6 &-R— eo" PAM. 
. THIATY NOCHHRFELLEN cone, * * ew venn 2d, wEwW FOR ON aek 

ee ahh Decesber 23, 2955 


1965. tn view of the nuacrous telepho 


. - enginecrs* 


: of the statexcnts made in Mr. Per 


rth ae vw 38% ens * = ts 
‘ cs are, a » . ‘ ° 
" . eae ¢ 


Mr. RN. D. Mainelli cate: EON me 

Vv. P. © Production & Engineering Re Seen ae 
Perma Research and Developrant Company . ; ee eee aL oe eae 
-3U5 BE. Yaonington ; ; a ce tate seep ae 
Horth Attleboro, Yasnochusetts 02761 


Dear Hr. Mainelli: Eee cp na: ame eet Pe a eee: te as | 

This letter is written {in reply to your letter of Decerber 2, rae 
ne conversations between lir. Perr ino ; 
and myoclf and betieen Ke. Perrino and the onginesring personne) at mar Rik sks 
Llizabeth Plant, I do not understand why you say “nor do we know what your. : 
odjections are to our suggestions." : ae ais 


- 373° ~ 
. yi. °,- 

‘ ess ’ 
‘ Pt, ae over 


oo rattor of clarification, we cennot agree vith mony 
rino's November 8, 1965 letter ebout th 

and Singer at the meeting of October pe 
statements to be ergurentative. Vie do 


However, 4 


events thet transpired betveen Perma 
1965. Also, we believe many of the 
not plan to debate them via the mail. 


As rogar¢s the engineering suggestions hr. Perrino ra¢2 in his 
letter of Ziovomber 8, 1955, he 4mplies that the pines product rodificatsons 
“ovarcone all the objections raised at the meeting regarding the product.” 

An ho is aware, onc of ov> primary concerns 4g that the Pezm unit, of 
presently deaigned, is not feilesofe. Perhaps sexe of our disngeeonent 
- grises out of difference sn the understanding of the ncaning of "¢Cn4i-anfe.” 
-We do not regard a device as fail-safe unless failiwe of the device, recard- 
less of cause OT probable frequency n particuler *ype of faiivro, docs 
not impair ths utility of the underlying system -to, which 4t in connected. 
Our engineers advise that the modifications suggested in Mr. Pervino's 
letter of November: 8, 1955 do not produce 3 fail-snfe design, In fect, 
the Perna Reoeerch ond Developr2nt Company's Schematic #1 cvcgento that 


the minor modifications sugEess ga; she 


ted do not produce 4 foil-safe design; ~ 
ochematic chove o one-half second delay vacuum switch ao backup for ths 
modifications. pre euie ' rite tig aes 


qinced that the modifications cugsented recul*t ja 
impair the utility of ths 
urself and our- engineering 
for such a reevirs. 


. If you ore co 
a design which will not, unaer any conditions, 
underlying system, I believe a meeting detween yo 
staff ics warranted and ould be pleased to arrang® 


ie Very truly yours, 


; B. C. Person . 
reroeree * 
_ EORAK © Director of Technical ' 


' 4 : (dr? in pagan ; , 
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oF Ee se ns One oan 


ee . . 4 ; ; i 
fu Pa re ° SCHEDULE B 
_ PERMA DEVICE 
- ° MANUFACTURING UNIT costs 
1965 REVISED STANDARDS : 
: / 
Sead Pe Orit : aa oa Fi 
Dual Sincle 
Material ca Oe ¢ 33.88 
at” ae cant eK et ae eg ae al RG eh iam: o%s Phe bei as i $ : = iat * * 
A te ‘ : enc 3 0 aa 4 
_ Direct Labor Rie: ace ena y (eee ees 57 | 
‘, ** 3 - t -- ’ . hs o% a ee oye te tg A 
‘Varlable Ovcrhead oa tr tet ‘ 3.25 | 2.01 ' 
Total Variable Cost ' _ (41,07 36.46. 
Period Costs . *12.29 8.40 
TOTAL COSTS A ge . . $753.36 «$44.86 


& Represents the cost of the present redesigned 
unit and is approxi{=ately $10.00 higher than 
the original standard, 


(PX 105, p 3] 
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a00 AGT MAIN sTRCcT ‘ DENVILLE, NEW VERSEY O7094 


CENTHAL REC CANCH LADONMATORY TWerernone faov @27-4000 
—- et 


ape , Mt aerca Te, 
Vises “é 
November 8, 1965 ; CRO:ge 
2 Ci 
ba cece rent ee am mane # . e*e 
Mr, B. C. Person : . é Rei pon 
Director of Technical Services aera Nebew eo toes oF ie hed 
Consumer Frocucts Division, an ~ | 
Tne Singer Company . NOV 9 1985 
_ . i . ¥ 
30 Rockefeller aza ‘ : 
New York 20, N. ¥ e- ¢ ° DS md eens ; 
Dear Mr. Person: at 
° | 
‘ Ev iuation of Perma Anti-Skid *2vice - | 
Bey ee ae: — 


. 


In accordz.ce with a secent telephone cor 


icahindiok are iwo copies of Denvitle Special Rez 


Evaluation of tha Perma Anti-Skid Contzol eoreny on Pres resent Ngan 


This report.» 2 vevision of the draft forwarded to you with 


And af 
letter of Suly 29 and, in this connection, we would ask that the ¢ 
ned tO Se 


presentiy ¢) var possession be return 
wee 
The above report is an engines zi 1g analysis of the Perma Anti-Skia 
device basea on information available to us and some separients had by 
Myr. — during his work with Plizabeth factory. This report also 
a rough estimate and des: siption of develorment work we feel 


include 
it is decicei to continue in this business. 


uautt ve Undertaken if 


vers most of the questions that vou heve 


We belicve this report ansy 
ssible for 


espondence and ciscussions that itis pe 


wasked i in previous corre 
formation currently available to us. 


us to answer with the in 


a. = 
It is the writer *s opinion, though not pos} itively stated in the report, 

that The Singer Company should not market a device of this type that +s 
fa bs slicad’ 2 the 


il-safe is used here and in the report 4S 6; 


not fail-safe ( 
ualiesile gevice only), In other wo: “ds, any Gevice O 


the fail-saie characteristics of the braking system to whic 5 
applied, This opi is based on my own feclings that 4 device of tise 
type which is not! nfo would not be cons. istoent with the high quality 
standarcs Singer s to the other products that it manufactures a: a 
MAarKets. 

‘ o 
‘ ° ° ¥ 
2 . Pet} . 
} ' 
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oats. Momberg's 


(Px 110, © 2%) 


eg 


B,C. Person ar a : enuni ee 


« 


Onc question not completcl 


a 


wered is that of what percentage © 
she invertory could be salva s ose) were 
undertaken. Witsout having completed the Gu siopment phase 
wlt to ve very specific concerning tis area. Howev 


itis cifii 


the components which are to be redesigned represent a significant part 


of the total system, it is reasonable to assume that a large percentage 
of the total inventory would not be salvaged - as a wild guess, 50% or 


better. : ee 


The patent situation on the presen’ device appears to be sumewhat 
confusing and, from ous discussions wi. the patent people familiar witn 
the cevice, we could not get a clean svatement of exactly what patent 
claims will be secureé for the cevice. On this basis, we cannot precict 
whether a recesign will stay within the patent claims and@ could only 
submit such a redesign to the Patent Department for a statement by them 
as to whether what is being proposed is or is not within the claims of the 


Perma Anti-Skid Cevice. 


Since we believe that the deficiencies in this device vo ~ueh be, ond 
whether the reliability of the device has been proven Or. 's we have 0% 
attempted to Cerine oF estimate the cost of a tes? program >¢ tablish 
reliability. In fact, we do not feel that we have sufficient vackg7ouna in 


automotive Cevices to specity 4 realistic test program to e:tabdlish 


+ 


reliability. This type of program should be established by people with 
‘ 


Very truly yours, 


io aewnroens . 


C. R. Odermann 
Laboratory Director 


Encl. (Two copies of Denville. . ; 
Special Report #62) 
. 4 


ce: Mr. J. W. Momberg : 
Mrs, O. Goede} Librarian 
’ 
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ANTI-SXID CONTROL BASED ON PRESENT DESIGN 


Project #01-0211 


Written by: Fue 
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Deficiencies in Present Design. . . 
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Conzroitee Technical Informztion . : 
INTRODUCTION 


Upon ecquisition dy The Singer Company of the rights to manufacture 
and market the Perma Anti-Skid Brake Control device, an evaluation-of 


the device was undertaken by Singer-Elizabeth personnel, In actual 


road tests deficiencies in perforaance and reliability were uncovered, 
It became readily apparent that this device could not be placed 


on the market until performance and reliability were improved to 4 poiat” 
where they were beyond questica. 2 


- 


A modest engineering effort was undertakea by Singer-Elizebet 


to maxe (quick fix) improvemeats in the device. Singer-Denville was 


. 


invited to participate initially to test components end finally on 


a consulting basis. 


On the following pages 4n attempt is made to evaluate the ?erma 
device as it stands today, It is hoped that by putting thing. into 


a proper perspective a course of action will be indicated. 


iPx 110, p 5} 
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Controlled Sechnical incorsasios te : 


* DEPICIENCTES IN PRESENT DESION 


the present anti-sxid cesiga is not fail-saZe., As now 


constituted, full braking pressure curing normal operation is obtained 


i 
only by applying a vacuun to the piston sice of the diaparsgm in the 


Perta-Vac unit. Tais vacuum crestes a differential prescure scross 


the diaphrsgu which ects in a direction to sssist a spring in maintaining 
a force against the piston. This force, citierential pressure plus 
Spring pressure, acting agsinst the piston is large enough és permit 
builé up of full braking fluid pressure thereby permitting normal > 


brazing curing normsl driving. 


“e 


In the event of loss of vacuua only the spring force ects against 


the piston. It is estimated that with a vacuum failure normal brseking 
e o 


pressure is recuced from approximately 800 p.s.i. to 409 p.s.i.--roughly 


It should be noted that tre above reasoning also holdstrue in 


the event of a panic stop. A loss of vacuum would result in maxinun 


cycling brake pressure being reduced as previously noted. 


Loss of vacuum can result from stalling of the engine, which 


occurs quite oftea curing panic stops, and also through air leakage 
into the vacuum side of the system. Loss of vacuum through sir leskage 
is particulsrly insidious since it can secur without warning to the 
operator. 

The preseat anti-skid design is suca that, during operstion, 


cycling takes place over a wide pressure range. System performance 


(stopaing cistance) would be considerably enhanced 1£ the low end 
. 


Ce et ; . 


E-594 [Px 110, p 6) 


‘of the pressure Tange were tncreaseé so that cycling occurred beiweea 
just adove locked-wheel pressure ané just delow locked-wheel pressure. 


. 


At present, pressure st che low end of the range is low enough 

to cause opening of the press switch contacts. This has the effect 

of overeriding or inactiveting tie governos until prescure buiids vp \ 
o wheel-lock pressure at which tine the governor regains control. As 


a result, the system operates at low brake pressure for an unduly 
excessive tine. TA: ACTION OF THe GOVERNOR IS TH= SOLE MEANS OF 
’ 


DETECTING USABLE ROAD FRICTION. , 


. 


Another undesirable feature of the present design is that the 


anti-skid activating mechanism can be fooled. Tests with tie present 


design indicate chat ‘gradual application of brake pressure can result 
in a skid con’ iton (locked wheels) without a¢tivating the anti- 

skid brake control. Not all skidding occurs as a result of paaic 
stops. Skidding can occur, for instance, during gradual braking on 


slippery roacs, 
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Controlics Dochnical Infornst£95 
\ 


Reliability of all system components and assem lies has not™ 
. 


been estaplished. Tnere ate & pumber of inherent features in the ig 
design which raise the question of reliability with regard to the 


cnee of certain functions. Tne questionsdle componeats and 


— 


assemblies include the solenoid return soring, the rotery valve 


and valve leverage, the governor ‘expansion spring and associated 


pares ond the sensor cam gear.’ 
The present design is not applicable to cars which heve manual 


sions, disk brakes, front wheel ¢crives, front wheel 


on 
) 
r 
—_ 
tad 
ee 
= 
a 
4 
vo 
t 
r 
wv 
7A) 


cpecdomcter take-offs, and other then 12-volt electricsl systems. 


Furthermore, the preseat design has demonstrated encoursging 
results only on carts with dual brake systess. Performance has been 
unsatisfactory on cars with single brake systens. It should be 
noted that at present single brake systems sre in use on almost all 


cars. Notadle exceptions are the Cadillac and Anerican Motors 


automobiles. 


Another consideration of some importance is the fact that the 


autoaotive industry is in a constant state of flux. Changes in 


vehicle design for economic snd competitive reasons occur with great 


Sic 
4 


rapidity. The implications of how these automotive éesign changes 


will relate to the anti-svid device can be fer vesching. The most 


that con be stated here based on present cay trends is thot functions* 
design oF an anti-skie control systea should not de critically Zependent 


on vacuun levels end should be compatible with higher draxe fluid 


e ° 


pressures. 
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Contrattes Tochrical Information 


Finally, ic woule seen wise to carr 


on the anti-skid cevice. Tais has not been cone 


pinisum of life test data is av le. 


bysten performance at low tempe 


icy and slushy roads, hilly 


hour. 


p 9) 


y “out s broad test program 4 


to date. A 


No data is available for 


vatures, high hunidity, high altitude, 


roads and at speeds below 30 miles per 


. 
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rroilecc Toctaical Information 


REDESIGN CONSIDERATIONS 


In order to correct the deficiencies existing in the present 


snti-skid device, the following corrective design wor’ is indicated: 


(1) 


She Pecma-Vae piston and spring sheuld be redesigned 30 


thse piston response during, cycling is rapid and positive even 


though vacuum pressure a nininun. 
It is believed that se piston désiga may be possible 
* I 


a ai — 


which would yeense restraint of the brake £luid pressure in the 
: : eth 


event of a vecuun failure. 


The anti-skid device would benefit from the above changes 
in that the incresse in frequency response would permit 


pressure cycling near locked-wheel pressures. Also, the snti- 


TT cette 


baie Gevice would be faili-ssie with regaré $o vsecuun failure. 


Taese changes shoyle s1so <esult in the lowering of the critical 


vacuum levea as well as permitting the use of higher brake 


fluid pressures should this become necessary ox ¢esirabie. 


whe manaer in which the governor ‘and rotary control valve 
function is #..ocher area where corrective redesign is necessary. 
It is presently assumed (pending 4 system function analysis) 
th: : the following governor characteristics are desirable: 
- (a) ‘Ie should be sensitive end highly responsive { 
_ to dias in wheel apecd tnroughout the entire specs 


range. 


(PX 110, p 10) 
E-598 


(3) 


[Px 110, p 11) 


* (b) It should generate sutzicient force even at 
low speeds to reliably ¢rive the valve. : . 
(c) A direct proportionality should exist between 


governor action and wheel speed. (A functioa 


analysis may eause a vevistoa in thinking here.) 


e ‘ 
To approach the above governor characteristics, it is proposed 


to separate the systen inertial energizing source ‘om the 


governor function end redesign the governor. This redesigned 


governor would correctly follow wneel speed and genezat2 
: . 


sufficient Zorce to drive the valve reliably. 


In addictioa, the present valve design Coes not sugges~ 


proportional control characteristics. A new sensor valve should 


be cesigned texing into account the functional chsrecteristics 


of the non-uniform vacuum source as well as the vacuum 
requirements of the Perma-Vac unit. 
Tnese changes should result in an improved, frequency “esponse, 


optimum functional vacuun conzrol,. and a more reliable vaive 


rh 


control all of which would facilitste’ cycling near locked- 


wheel pressures 
In (2) above reference was made to the separation of the system 


inertial energizing source fr:* the governoz function. In order 


to provide sens: tive, fool-prooz skid detection, the storage 
’ 
of inertial ener sy, a function presently perfoznid by the 
goverao:, would »: provided by snotuer (new) component. 
. ' : 
. ‘ 
e 
oJ 
' 
e % } 
ze 
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tai 3 Zool-proot anti-6kia 


nm 


for retraining the 


écriver to slam cowa on the brake pedal. 


Redesiga is further complicated by patent considerations. It 
has bees reg wed that every efiort be made to carry out the 


work within the protection 3 é by patents sequired by 


Fn, 2 Sena “s s° a ‘ as e% 5 enn ‘ ’ ee Sine rr ne 

Rae Singeyl GOrprnys fowever, vecause Tne propost™ redesign Goes Or 
Jaeat 4 9 fara ene a . «mae rie eo 

in concrete, cetsiled form, sno because a measure of laventaver 


and ingenuity will be required oa the part of the cesignes, no ‘ 


guarantee can be given the reguired £ 
RR ERS 2 cecneneemcne aaa 


ded by the patents. 


how much of present inventory cen be saved, 


' 
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‘ 


he 
de 


Tne nece 


carried out in three paas 


function analysis to gain 


M4 
> 
ra) 
° 
Zt 
J 
oa 
- 
" 
“ 

%< 
UV 
et 
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‘ Phase 


Phase II 


components to achieve the required functions (withia 
£ > 
patent protection if possible) and acceptable 


reliability ané perforsance. 
: 


Passe Til Installation of che complete. system in a vehicle 
and road testing. Road testing to be performed 
by Singer-Elizsbeth. Singer-Denvilie 
responsibility for any cesiga cusnges within the 


scope of this proposal shown by road tests to be 


necessary. 


Jt is estinated that the sbove work will cost $30,000.00 and 


2 to complete, 


~ 
fa 
tt 


Tne above cost estimate does not include the cost of any Singer- 
Elizabeth peysonnel who may become involved in this work. (As in 


Phase III, for instsence). ’ 


, 


It presumes cooperation from Singer-Elizabeth personnel and 
possible use of the test equipment such as the CEC recorder, 
trai Ce » ONG Cost Stands 45 the neces srises. 

. 
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COXCLU 
Tac anati-skid cevi co. is not ready sor 
a nerxating ease Zor : 
C1) She units is not fatLiesale. 
fooled by 3 


(2) Tae activ: 


- 7 «4 = et + - h--va’ 5r0 aT 
gradusl application of oréKe pressure, 


anti-skid device is severely restricted becsuse it cannot be usee on 
cars with Single brane systens. The 
are prs tly buile with siagle bran 

On the foregoing. pages an spprosch to the solution of the major 
prodleas is broadly outlined. However, at this time, it cannot 


be stated categorically that the sugeested solutions will yield 
& 7 ob 


' ’ ms 
the desived ena procuct, ' 
A ° vw V, -~nes7 5 ? ~ @ = -* ~ ~-_¢ - -* = 
As previously statec, reeesign is surthe: restricted by patent 


, ) 


considerations, Because of the inventive nature of the redesign wore, 


: ‘ 2 wiehé -~* ~ af“ore } on 
Can be achieved within the patent protection siforcec by patents 
aceu ‘ sae Siacer C GY» 
‘ o ‘ 
. 
’ . , ~ 
Yoox F veason in determination is possidle 4€ tais cli 
A . 4 wap 4 - vo | “ 
‘ to f On pres ve anVONLOTY Wada be usable fa a redesisc G 
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DATE: Decezder 21, 1964 


"way 70 a Fe pai | 
SUBJECT: fpecvisition of’ Periza Research & Developzeat -— Z/ : 


sent” . ; ZF ‘ 
Neeser : : (ey 
* The Nonvfecturing Division proposes to enter into an agreci ent with Perrz Sf) 2 
Reseerch end Dovelopwent Corporrtion for the eceuisition of all its petercs, / 


‘tyedererks cné marketing rights ea their anti-lock end enti-siid brec’:ins 


' 
device. Sincer would assure $210,059 of Pericz's licbilities, pcy $24,009 
cash to Persa for Canc¢icn inventory and purchase Perce's preseat U. S- 
Saveatory for $112,563, rexiag 2 total co:.itwent of $245,553. On Junie | 

A 16, 1964, Elizedeth entered into en agreement vith the Pers2 Corporctioa ' 
to essune purchase order comcitc.ents fro= eppronimstely 25 svtcentrectors ' 
for tte manufzecture of Per=a anti-skid compotcat parts. She purchzse 
cormitrents are getciled as follows: . 

2. Su>plier j Perchese Coz-itrent 
Se oy: , 
ss serican Exbien . $ 103,455 
fnericen Op ical : -*§ €00,162 
; 2 
Other Cuppliers $__517,€73 


$2,421,319 
Jn addition, it will be necessery te purchese $146," of e2iitionel cco 
re of projected 1°65 needs. If rezeir cn’ revork of 
technical serv costs, morineting costs end start up 
additienal initial cormitocats, 


penents to take cs 
existing inven ‘cy, 
costs ell toteiing $326,000 ere vi." «+ 
then Singer's investuent at risk is dcte.leZ below: 


Purchese Cori treats " $2 ,421,31° 


: Aequisition of Perna 234 ,090 
Aequisitioa of Perms Inventory 112,562 
Ad2itions] Coxponents Required 146,000 5 
* Start Lp Costs ; 50,000 
Repair, Kework or Existing Isventory 131,00 


. Harketing: Costs _ 20,000 
. ' Technical Services rv 125,650 ‘ 

; : JO $2,239 222 

. ‘ er 
However, if Singer docs not aequire Perra, they estf:.ate their co s:icuent 
tie: of Pert.a Savertory at approxizately $1,000,000 cocpase? of $695,379 of 
Elizabeth on Gstod2r 3i, 1924 and approsis ately 
ents that would have to be honors s by 

a rights cad resets, the 


fnventory present ot 
$400,050 cf perch:se order conmi te, 
Sinser. ‘thes, if Singer Were to cequire Per.. 


o's 
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Mr. D. D. Mersden ? December 21, 1564 

age . 
gncrewontsl investment is actually $1,229,682 relative to not acquiring 

( the cospany. If this acquisition is not consucated, Elizabeth believes 

thet Persia Research & Deveclopzent Corporation could go benkrup and tne 
Periwa inventory held by Dlizcbeth would have to be Jiqouidcted or written 
off. ‘Tne Elizabeth people believe that the Perre inventory could not be 
liquidated tor za amount neer the purchese price and a large inventory 
write-off wowld be incurred. 


Perna Rescerch & Developent cerhkets a device ents locked braces 
' . “-. . . . 
H under heavy brexing pressure and eliminet lity of skidding. 
using t 


; Tota! brebing distcace is less 
: following table: 


: BRAKING EFFRCTIVENESS 
OF PEPRYA DEVICE (1) 


Speed in Niles Per Hour . ps 
At Initial Broking hormal S's tca Perri Svsten 


( 20 21.4 ft. 1°.2 
30 50.0 46.0 

49 3.0 77.0 

12.0 

56.3 


' 
} 
| : 
“) 50 22.5 112. 
4 4 
60 171.9 156 
; a 
i (1) Test conducted on ery pevenenat by the Notor Vehicle Resear< rea 
' 
The listed retail price of this device to th nsucer will be $125.00 per 
antici 


¢ 
a 
it 
c 
4 
ic) 
o 
c 
. 


e 
, unit plus ca estineted instelletion cherse of 
from list price cen be offered to quanticy use z 

Perra has sold enly 1,000 units to gate bece vality probic=s that 
existed on component perts renufectured by Per-a 


o 


to werket the anti-skid device through Moniter Enterprises, 
ov2i distributors. Feria would not coatinu crvet the 
4 


th believes thet the firs would not be es ive cs 
s 


one of Perec’ 

device since El 
Monitor. Monit 
nonth period an 


Elizabeth proposcs 


during this per Monitor is evrreatly rot 
available but E : 

( {inzncial resources to Sack this gearcate 
Enterprises is a sell firm with five sel 

s i 

4 


itor presently ¢coes not hive the 

ed gcvertising expenditure. Monitor 
-en that currently sells a procuct 

guage inside a treck oF “Uta. 


s 
$ 
on 


that weaseres air pressure in the tires 4 

Host of the salesercn's time is speat cel oa truck flect owners rather thaa 
avto eeciers, goverarent avencies or retail ot 
efsnificant portion of Porra's projectce custoners. Elizibeth would like 


marketin> erransosents co rerain flexible as the effectiveness of Monitor an3 


i) their sub-distributors is evaluated, 
¢ - 
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tir. D. D.. Marsden i re Decer:ber 21, 1964 


Exhibit ] shows the projected operatiny results fro: the anti-skid device 
U. S. wcnufacturing operations, Elizabeth also projects (not shown on 
Exhibit 1) tne s2le of parts for 12,000 units to St. Johng to be sold in 
the Contdian market at a transfer price of $34.59 per unit. No cetails 
concerning rarieting arrengenents in Canada are available. The following 
table is a su:mary of Exhibit 1: 


Nunber Sales Net Income Net Jnconre 
of Units Volume Lfter Tax as % of 
Sold _ (0CO's) __(000's) Seles _ 
1S65 50,¢52 $2,550 $ 115 4.5% 
196 100 ,00u 4,850 560 5 
: 1967 - 200,000 9,700 1,314 13.5 
1968 206,099 9,700 1,439 14.8 
1969 290,090 $,700 1,439 14.8 s 


If ic is assuned that the average retail price per unit soid is $110 allcewings 

for quantity discounts, then the retcil sales voluxs of this one product line ’ 
would be $22,000,050 by 1967. Net Income aftcr tax at the manufacturing level 

is projected at 13.5% of sales in 1567. The additiozal iavestmeat in working 
capital and fixed assets required to achieve the 200,090 unit level in 1967 
aveilable. However, to produce 190,000 units oa the zost 
Elizabeth fecls that a fixed asset capital comitrent of 


is uot currently 
econonic besis, § 

epproximately $210,CO0 would be required. Further details on projected 
additional invest:.ent hove beea requested froma Elizabeth. 


On the basis of the preceding facts and the projected operating statements, 
the following points should be erphasized. 


- No éetzil of sales by custozer or by reeningful clessificationa is 
available. This detail is irportent due to the large projected sales 
increase. A carket survey has Leen corpleted by Williaa E. Hill, a 


consulting firn, but it curreatly is not available. Elizsveth believes 
that the potential market for this device can generelly be described as 
follows: ‘ 3 


a) Individual car owners. 
b) Fleet owaers (Avis, Hertz, Telephone Cuvpanies, etc.). 
c) Government Agencies (Post Office, Armed Forces, Police Depertceats, 
etc.). 5 
_@)- Auto:.obile uanufacturers. 


~ Perna hes sold only 1,000 units to date. The achievezent of scles 
“projections tay be a high ris situetion in light of the projected ; 
retail price, the uacertainty of the marketing arrangenents, the i 
quality probiess existing on the units sold to date and the limited 
results achicved to date, - { 


\ 
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- The projected trensfer price fron Sin3er to Monitor is projected at 
( i $51.00 per unit durirg 1965 sad $46.50 thereafter. Due to the lack 
cf sales expericace at the projected $126.00 retail level, the 
possibility of a significant retail price reduction which cay affect 
Singer's price to Moaitor wo:ld tppear to be high. 


- Estineted unit renvfacturing cost is projected at $30.35 in 1965, 
$27.35 in 1965 and $25.00 in 1967. Original projections tzce in 
lay 1254 supplied by Elizabot! estimated unit costs at $18.80. 
Elizabeth feels that the projected cost figures fron 1966 to 1569 
are very conservative. Further details on projectcd unit costs 
have beea requestcd from Ei izubeth. 


= Tne coproxinate break-even point for Singer to recover their total 
$2,232,652 initial investwent is approxirately $2,000 units at the 
$51.00 price. The nuzber of units necessary to be sold to recover 
the incremental investcent of $1,235,€52 plus additional fixed costs 
is 2pproxizstely 28,360 units. It sheuld be stressed that these 
break-even points ere greatly dependant on the projected $51.C0 

ransfer price to Monitor. Should Monitor encouater difficulty in 
selling these units and Elizabeth be forced to lower transfer price 
( \ thea the breat:-even point can increase significantly depending oa the 
, sice of the reduction. 


- It is sugsested that if an cgreecent with Perse is concluded, it shoule 


gaclude marketing rights and patents for countries outside the U.S. 
end Canada. 


' Due to the cenaitment Sinser has rade to date, it may eppcer desirable for 
Sineer to acquire this covpany. However, unless the ecquisition of Perma 
end its inventory is an attractive long tern diversificetion for Singer, 

{t should not be eccuired because of previous cocmitments. In addition, if 
there is vacertainty in echieving the 28,360 unit break-even point, or in 
nainteiniag a $51.00 transfer price, then it vould be core desirable to 
liquidate, write off or find another buyer for the current Perma inventory 
held by Singer. 
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1965 
Sales $2,550 
Federal Ecise tex @ &% 189 
Net Sales 2,361 
Cost of Sales 1,527 
Standerd. Gross Margin 844 
Additional Costs 
Royalties » 296 
Repair & Rework - Gear box 87 
Additional Ops.-Seasing 
Unit 44 
Marketing Costs 20 
Technical Services 125 
Start Up Costs 50 
Total Additional Costs 622 
Net Income Before Tax “222 
ve Income Tax 107 
Net Incone After Tax $ 115 
ss 
Nunder of Units Sold 50,000 
Price Per Unit $51.00 
Averace Cost fer Unit $30.35 


449 


20 


125 


$ 607 


eS 


160 ,000 
$48.50 


$27.30 


Exhibit 1 


719 719 
8,981 8,961 
5,200 4,940 


858 ~ 898 
20 20 
125 125 


2,738 2,998 
1,314 _1,439 


$1 ,42 4 $i 999 
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209,000 206,009 
$48.50 $45.60 
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125 


1,043 
2,998 


1,439 
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$1,559 


$26.00 $24.70 
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200 ,090 
$45.50 


24.70 
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Exhibit 2 


’ 
PeM A RESEARCH AND DIVELONIENT COnPANY 
. State: ent of Incene 
for the year ended June 30, 1964 
Sale: end miscellazncous incone $ 80 ,404 
Cost of sales 
Inventory at be niag $ 60,514 
Porch:ses, less ts cherged to 
developieeat expense, $59,764 213,954 
$274,498 
Less - Inventory at end 201 ,913 72,5585 
Gross profit - ; $ 7,615 
Deve'o; t, ore “otional and selling 


Frocuct ce. : tat p $ 67,717 
hévertisiag < sales promotira 56,287 
Travel end #uto expense . 11,673 + 
Telephone 8,049 


decal and accozntiag 18,339 
Office ond advertising svoplies 7,742 
Office expense 2nd postese 3,331 
Ecuip t renta 2,146 
Rent, freight and storage ‘4,626 
Shipping supplics 2,725 
Stop expense and neinteacnce 2,762 
Heat, light and pover 1,496 
loca) terxes 2,145 


Discounts cerned, less discounts allowed (3,869) 
Depreciction of plant end equipnreat 15,971 
Awortizetion of patent 12 
fcortization of unrecovered pro..otional 
nd develep:cent expense 67,368 328 ,421 


Net loss for year - $(359, 662) 
Deficit at beginning of year _(212,014) 


{ict * en > ° 0 ’ 
Deficit at end of year 26522,61 ) 
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INTRODUCTION 

In the more than seven decades of vehicular brake 
development, evol nary improvements have been 
seen | uccessively, the adoption of four-wheel 
stems, the switch from mechanical to hydraulic 

tuation, the addition of power assistance, the 
uuprovements in’ brake lining materials, and the 
introduction, more recently, of disc brake systems, 
dual master cylinders, and system failure warning 
Wydit 


A significant and dramatic advance in that evolution 
has been the recent introduction of an automatic 
anti-lock system, under the trade name Sure-Track, 


for mass production vehicles 


The possibility of significantly improving the 
performance of the vehicle-driver system by auto- 
niatic assist in the braking function has been studied 
for many years. In particular the improvement of 
directional stability and reduction of stopping 


distance by automatically preventing locking of- 
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by 
RP. H. Madison 
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and 
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braked wheels was proposed at least as early as 
1932. (1)" 


The fact that maximum tractive force beiween the 
tire and road is obtained at values of slip greater 
than zero was apparently first clearly recognized 
around 1955. (2) (3) 


The physical groundwork thus was established 
which showed that improvements in both stopping 
distance and vehicle stability should be realizable 
with an automatically controlled braking system 


Meanwhile, speed and weight of moror vehicles 
were increasing and density of traffic was growing 
These trends, combined with increasing public 
acceptance of a higher level of sophistication in 
automotive auxiliary equipment, provided the motiva 
tion and the confidence in commercial feasibility 
which have led to the development of the first com 
mercially feasible automatically controlled braking 
system for passenger Cars 


cities senieiecaleamundniane —— see ee etc 
ABSTRACT - 
The history, system philosophy, design evolution and performance of the Sure Track anti-lock automotive 
braking system are presented and discussed. Considerations of performance, driver skill, reliability and com 


mercial acceptance 


resulted in the choice of a vacuum-electronic rear whecl anti-lock 5 


ystem that incorporates 


individual Wheel speed sensing and contr 1 of braking as a pair 


Ihe system provides superior directional stability under 
or shorter than those for locked wheels under most road conditions 


distance equal to 


ih 


numbers in pareath 


1s iadicate references at the end of the paper 


“panic” braking conditions while maintaining stopping 


ee ee ee 
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HISTORY 


Some 15 years ago, the aircraft industry succeeded 
in developing experimental systems to prevent wheel 
lock during braking. Their interest cente,ed mainly 
around the problems of tire flattening and tire 
eaplosion which took place when a wheel locked at 
high landing speeds. Up to this time, the problem had 
been coped with by an overly cautious use of brakes 
at touchdown, resulting in longer landing runs 


Since the experimental aircraft’ system exhibited 
improved stability performance on ye runway, 
engineers of the Ford Product Research organization 
became interested. They obtained an anti-lock unit 
from a French aircraft and installed it on a 1954 
Lincoln sede ith @ full power brake system 
Although testing .ndicated improvements in stopping 
distance anu stavility, the installation created serious 
vibration problems in the suspension and caused the 
front wheels to vibrate about the king pin axis. This 
was typical of the many developmental problems 
that had to be overcome before a commercially 
acceptable design could be introduced 


In succeeding years, Ford research engineers 
xperimented with internal designs, evaluated designs 
presented by domestic and foreign component manu- 
facturers, and jointly set about establishing anti-lock 


sySicm require ners 


Kelsey-Hayes first became interested in automatic 
braking systems in 1957 and started an exploratory 
development program at that time Various approaches 
to the problem of optimum braking con ») were 
investigated. As a result of this work it soon 
concluded that the single most useful contribution 
to brake control would be a means of preventing 
loss of control and reducing stopping distance under 


panic braking condition 


Sure-Track anti-locking system represents the 
optinum workable system presently available as a 
result of these Ford and Kelsey-Hayes investigations. 
The technical team which developed it also included 
the Hydro-Aire Division of Crane Company, Texas 
Instruments, Inc., Brown Engineering Division of 
Veledyne, Cornell Aeronautical Laboratory, Battelle 
Memorial Institute, Rensselaer Polytechnic Institute 
Booz Allen & Hamilton and numerous other con- 
sultants and specialized manufacturing firms 


FUNDAMENTAL TECHNICAL 
CONSIDERATIONS 


Some improvement in vehicle stability can be 
achieved with very simple equipment by auto 
matically “pumping” or pulsing the brakes in an 
arbitrary pre-proge immed way (5). However, basic 
ure friction data (6) showed that, under certain 
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conditions, controlling the brakes so that wheel 
slip remained in the vicinity of an optimum valuc 
could increase brake effectiveness by a theorctical 
factor of as much as 2.3. This made it secm worth- 
while to use a feedback approach which uscd data 
sensed on the vehicle during deceleration 


The variety of physically feasible methods of 
producing the necessary information for closed-loop 
braking control and of using this information ts 
enormous. In order to arrive at a rational basis of 
choice it was necessary to establish standards of 
performance properly related to the practical 
realities of economics, driver skill, system reliability, 


and acceptability to drivers 


Based on literature surveys, mathematical analyses, 
computer simulations, and vehicle tests, we arrived 
at the following conclusions, which served as a guide 
in all development work 


1. It is possible (with a relatively simple braking 
smtrol system) to provide a sig ant Improve 
ment in vehicle stability durirg panic braking 
with road friction from 1.0 to as low as .05 and 
for a complete range of driving speeds 


2. In general, there need be no significant increase 
in stopping distance with a simple control 
system, except under certain specific and 
uncommon — road conditions (e.g. loose gravel, 
loose dry snow), and there can be major reduc- 
tions in stopping distances under many common 
driving conditions (e.g. wet pavement, ice) 


3. Simple means can be incorporated in the brake 
control system to preclude loss of normal 
braking capability for any probable mode of 
failure of the control system 


4. It is preferable to incorporate additional func 
tions in a control computer rather than employ 
complex sensing systems 


5. Until a higher level of public driving skill can 
be achieved than now exists, an automatic 
braking system should requre no changes in 
driver habits or reflexes for maximum safety 


6. The cost to the user can be sufficiently low so 
than the system will “ome into reasonably wi c- 
spread use 


7. Service and repair should require a level of skill 
no higher than that required for present vehicle 
systems 


&. Assembly on the vehicle should be compatible 
with present methods 


These requirements also were confirmed in a 
study conducted by Kelsey-Hayes in 1967 for the 
General Services Administration (7) 
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Although it is not within the purpose of this paper 
to present the pros and cons of two-wheel and 
four-wheel brak 
wthors are well aware of the many comparisons of 
complexity, performance, cost, and state of the art 


that can be made 


application control systems, the 


One overriding argument for developing the two- 
wheel system was that its inherently simpler design 
promised carhiet development success than did the 


four-wheel sysiem 


A second, important consideration favoring the 
two-wheel system is base¢ on a point also made by 
Harned and Johnston (s), to the effect that, with 
four-wheel anti-lock systems, the driver may have to 
pply corrective steering action in order to maintain 
directional stability under some conditions 


With a two-wheel system, no special new driver 
Our position 
early introduction of two- 


bills or tramung should be necessary 


is that the advantage of 
wheel control far outweighs any slight, eventual 
performance edge that rt be obtained with the 
four-wheel system. This ‘ to say that four-whee: 
control is impractical or undesirable in the long run 
We simply believe that at tus time two-wheel control 
represents the best solut.on from the viewpoints of 


bot the public and the automotive industry 


THE CONTROL PROGRAM 


Although automatic skid control systems have been 
ire widespread service in aircraft since about 1960, 
this technology has been of only limited value as a 
basis for the automotive problem because of basic 
dissimilarities in both the physics of the problem and 
the circumstances surrounding system use 

The tire friction mechanism differs significantly 
because the higher aircraft speed results in 
high pressure steam generation at the tire-road 
interface on wet surfaces and melting rubber on 
dry surfaces 


The required dynamic range of the aircraft 
system is much smaller because the pilot is 
required to judge the runway condition and 
make a manual selection of system response 


Runway surfaces are more consistent than 
public roads, hence, rapid changes in friction 
coefficient during a stop are unlikely, and large 
variations in friction coefficient between right 


and left wheels are unusual 


Since the maintenance ef uircralt is very strin- 
ymong braked wheels 
is untkely. On the other hand, the dual servo 


gent, severe unbalance 


brakes we idy used in road vehicles will show 


large variat. as in brake coefficient from wheel 


to wheel if they have been abused by overheating, 
glazing or contamination The need for assuring 
stability and good stopping distance with un- 
balanced brakes places another strigent re 
quirement on the automotive skia control 
system 

—F.nally, aircraft brake control sys 1S cost 
from $500 to $1500 per controlled wheel while, 
to be feasible economically, the car system cost 
at the supplier's plant must be only a small 
fraction of this for the entire system 


In general, the problem of optimum automotive 
braking control represents an almost classic case of 
intractability. In mathematical terms, the car under 
extreme braking is represented by a tenth -order 
system of non-linear differential cquations with 
time-varying coefficie ¢ problem is made more 
difficult because quam. .e data on the behavior of 
the tire-road system are almost totally lacking, except 
for the measurements reported by Harned & Johns 
(8) and Meyer and Kummer (6) Knowledge 1s 
sketchy at best of such factors as the difference, 1! 
any, between steady state and transient behavior, the 
influence of suspension dynamics, the effects of 
tire tread design and composition, and tire con 
struction 


Ir such circumstances of insufficient data and 
undecstanding, the answer of the control engineer 
is to enclose the unknown elements of the system in 8 
feedback loop. (Fig. 1). If the loop gain AB is suf- 
ficiently high over a broad band of frequencies and 
signal levels, the response of the system is governed 
mly by the transfer characteristics of the feedback 
element 


Unfortunately, in some systems — ~'d the car ts 
one of these — the output response (in this case 
stopping distance and attitude) cannot be measured 
conveniently and fed back into the control system 
Furthermore, in some cases —- and again the car Is 
one —— the frequency and amplitude rarge of the 
available, easily sensed information occupy the 
same region as noise oF unwanted signals. For 
example, there are suspension and tire resonant 
frequencies which cover the range from | to 22 
cycles per second (cps), while the response of a 
wheel entering and recovering from a skid covers 
a time regime corresponding to a band width of 
about 10 cps 


One means of handling such a control problem 
lies in the use of the so-called model reference self 
adaptive control technique (Fig. 2). The model ts an 
idealized electrical analog of the system to be con 
trolled. For example, it could represent a single 
wheel, unsuspended vehicle with an idealized brake 
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stem (no fade, grid of hysteresis) and an ideal tire- 
road friction characteristics The brake command is 
which computes an ideal wheel 
seed vs. time characteristic against which the actual 


fed imto the model, 


wheel speed 15 compared 
to control the brakes such a way as to cause the 
real and ideal wheel speeds to coincide. Meanwhile, 


The error signal 1s used 


the magnitude of the crror signal 1s assessed, and 
its character 0S used to modify some of the model 
properties to improve the accuracy of its representa- 
ton, and to adjust the controller response. 


Such methods are well known 1 the control art 
sicd in the aerospace field. (9) (10) 


Ihe application of these techniques in the auto- 

ke control system required a massive 
in ilysi computer simulation and vehicle 
testing. In general basic problems of system logic and 
handled on the digital computer 


tuning and tolerance establishment was 


structure Wert 
while syst 


done by both analog simulation and car testing 


SYSTEM CONSIDERATIONS 


The fre ning behind the selection of a two-wheel 
over a four-wheel ant lock system has been dis- 
cussed. Some discussion of the background for the 


choice of vacuum powel rather than clectrical or 
hydraulic power for the brake pressure modulator 
is appropriate, since the power steering system oF the 
supplied oil 
under pressure, and the modern alternator electrical 
furnished the required peak 
intrinsically 


automatic  transnussion could have 
system could have 


powe! Vacuum powell devices are 


slow, have response characteristics which depend 
on piston position and displacement, and are bulky 
Nevertheless, i was concluded that these disad- 
vantages were outweighed by the much slowet 
response and higher cost of an electrical modulator, 
and the coordination and installation engineering 
problems asso¢ iated with a tie-in to the hydraulic 
steering Of transmission systems. We also wished 
to retain flexibility te adapt the nti-lock system 
to cars without power steering Of automatic trans- 
Having made this decision, we designed 
control circuits for compatibility with modulator 
response characteristtes which could be obtained 
within reasonable limits of complexity, cost and 
size. The design of the present Sure-Track system 
assures that) no performance has been sacrificed 
because of the choice of vacuum actuation 


nussions 


More difficult choices are associated with altema- 
tives among directional stability, stopping distance, 
and the accommodation of off-tolerance oF deterior- 
ated foundation of akes 


Since Maximum lateral force capability 1s obtained 
with a freely rolling wheel, some compromise in 


E- 


directional stability is inherent in braking to any 
significant slip level. 


The accommodation of lateral variations 1 road 
friction requires that the wheel on the high friction 
surface roll sufficiently frecly to assure that unstable 
attitude changes cannot develop. Incorporation of 
this capability into the control system again requires 
some compromise if satisfactory “split coefficient” 
stability is to be mairtained Finally, if satisfactory 
stopping distances are to be achieved on high friction 
surfaces, both wheels must be driven to @ relatively 
high stip level With unbalanced brakes, i 1s neces- 
sary that the brake pressure be allowed to remain 
at a high enough level that the underb.aked wheel 
achieve adequate slip. The other wheel sill of 
necessity be overbraked. The system must be 
capable of adjusting for this condition without the 
risk of undue loss of stability with normal brakes 
under “split coefficient™ conditions 


It is thus clear that the selection of system 
parameters involves a series of compromises among 
mutually contradictory requirements, SO that the 
overall performance delivered inevitably implies @ 
number of value judgments 


Where tradeoffs between stopping distance and 
stability were biased the 
slightly toward stability. 


involved, we system 


Where the subjective “feel” —- that 15, driver 
consciousness of system operation — conflicted with 
stopping distance or stability, we emphasized objec 
tive performance. 


COMPONENT EVOLUTIGN 


This part of the paper deals with the evolution of 
major components of the Sure-Track brake 
system. Figure 3 is a schematic of the system 
mounted on a vehicle chassis Mechanically driven 
electro-magnetic sensors located in each rear wheel 
generate AC voltage pulses in proportion to wheel 
speed. These pulses are transferred through wining 
to a solid-state electronic control module located 
under the glove box The control module determines 
when a rear wheel skid is imminent and signals the 
vacuum powered brake actuator This unit, located 
on the right frame rail near the rear of the engine, 
releases the rear brakes, then reapplies them when 
the wheels spin up. 


Figure 4 shows carly design sensor One with 
tecth cut in the brake drum flange was discarded 
because of its vulnerability to damage The next 
sicp was to put a rotating toothed fing and a sta 
tionary magnetic pick-up inside the brake During 
this period of system development, when the con 


trol system = was relatively unsophisticated, the 
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SURE-TRACK SYSTEM COMPONENTS 
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Figure 4 to the transmission at the speedometer cable 


performance of this sensor seemed to be satisfactory. 
design was made, 
axle and brake tolerances and deflections became a 
problem. In addition, the sensor ring was vulnerable 
handling. These reasons, 
together with the desire to obtain the simplicity and 


However, when a production 


to damage in service 
cost saving that could result’ from using only one 
sensor, led to the next pliase being centered around 
Lransnisston Gulput sensing. 


One of the several designs considered is shown 


« 


in Fipure S$. This sensor was designed to attach 
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attaching boss, the speedometer cable being con- 
nected to the sensor. An integrated stator, rotor 
and bearing permitted minimum clearance between 
the rotor and stator so that a good signal was 
generated. However, backlash and vibration be- 
tween the sensor and the rear tires created elec 
trical noise which the module sometimes read as 
skid signals. Lash between the speedometer 
gear and the rotor gear was particularly trouble 
some, Attempts to pre-load the gears with cam 
adjustments and = spring-loaded —fleaible 
were unsuccessful and caused excessive tooth wear 


drive 


shafts 
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At this point small size wheel sensors appeared 
They were designed to be 
A special diameter 
shaft outside of the wheel 
rotating 


to offer the best solution 
attuched as shown in Figure 6 
was turned on the axle 
member (rotor) was 
bearing retainer was 
similar plate to which the sta- 
(stator) was attached. The first 
design is shown in Figure 7. The rotating member 


a steel ring, a rotating circular magnet 


bearme on which the 


pressed the wheel outer 
replaced with a new, 
tionary member 
consisted of 
of barium ferrite suspended in a rubber compound, 
teeth on its 
member contained 
The design calcula- 
sensor would have sufficient 


and a soft iron outer ring with 160 


outer diameter The stationary 
corresponding teeth and a coil 


tions indicated that the 


output with the clearance required for production 
tolerance and anh deflections However, the 
experimental components had much lower output 
than was expected, and unacceptably small tooth 
gaps were required for adequate signal strength 


Ihe rubber magnet also caused a problem due to 
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distortion. Sensors set up with running clearance 


one day would have tooth interference the next day 


About this time the idea of a floating sensor was 
conceived. The first experimental design is shown 
in Figure 8. The rotating member has 130 teeth and 
is pressed onto the axle shaft. The stator contains 
the coil and magnet and is held against the wheel 
bearing retainer by 2 leaf springs. The components 
are dimensioned so that the smooth mb rings 
contact each other before the teeth make contact 
Rub ring contact causes the stator to shift position 
on the retaining springs so that it 
aligning, thus providing for manufacturing variations 
and axle deflections 
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Figure 8 


It was found that this design was subject to damage 
during installation. If one nut was run up ahead of 
the others before the axle shaft and bearing were 
completely seated, the bearing might be 
bent so that the stator was significantly misaligned 
with the rotor. A design modification, as shown in 
Figure 9, was made, incorporating two 
pads or feet on the rub ring so that they contacted 


retainer 


stand -oft 
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the outer race of the wheel bearing and held the 
stator off the bearing retainer by .020 inches. This 
change gave good — stator-rotor alignment, even 
when the retainer was distorted. It had a second 
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Figure 10 


advantage of providing essentially constant friction 
contact with the bearing in spite of retainer corrosion 


Car tests were conducted over various road sur- 
faces to determine the relative motion between the 
rotor and stator. A typical tape is shown in Figure 10 
It shows the vertical and longitudinal deflections of 
the axle shaft at the rotor with respect to the stator 
In the static deflection chart shown at the Icfl, note 
the shift of .005 inches in the center of rotation when 
the vehicle weight is put on the floor. With a fixed 
design sensor, clearance must be provided for this 
initial deflection, while the floating design merely 
shifts the stator to a new center. The dynamic portion 
of this tape, taken at 12 mph over a severe cobble- 
stone road, shows a maximum deflection of + .0125 
inches, with most of the deflections less than + .006 
inches. Similar car tests were conducted on a 
variety of road surfaces and speeds. Other tests 
were made to determine the portion of time the 
rotating and stationary rub rings were in contact 
These data were used to design laboratory tests which 
duplicated our rough road durability test procedure 
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test. fixtures is shown in Figure 11. 
With this fixture, three sensors can be tested simul- 
taneously for rub ring wear. The rotors are pressed 
onto the test fixture spindles, shown near the bottom, 
which are turned the equivalent of 45 mph. The 
stators are bolted to face plates, which are cycled 
up and down by hydraulically powered cylinders 
in a programmed frequency and amplitude, based 
on car data from the rough road course. Figure 12 
shows the results of life tests on several materials 
We would h preferred that the rotor be the more 
rapid wear member, but this was precluded by a 
combinahon of manufacturing and output signal 
tion he released stationary rub ring 
1 moly-disuly ‘ide coated, tuftrided sintered iron, 
and the rotor rub ring is mild steel, chrome plated, 


considera 


and molydisulphide coated 
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Figure 12 


As development) was continued, the system 
became more and more sophisticated so that the 
nsor signal quality became more important It 
was found that sometimes, because of insufficient 
difference between the velocity signal and the noise 
signal generated by axle deflections, the control 
module could not identify the skid signal. Several 
design modifications were built and checked for 
useful and noise signals. Some of the results are 
shown in Figure 13. The control system 1s frequency- 
sensitive rather than amplitude-sensitive, so that 
the peak-to-peak amplitude of the signal is unim- 
portant as long as the trice continues to cross the 
ero line. When it does not, as shown on the upper 
trace, the module reads it as wheel skid and fires 


the solenonl a false signal. Finally, two major 


changes were made. The weth were reduced from 
130 to 68 and the magnetic material was changed 
fron Alnico 5 to Alnico 6, The latter also resolved 


manutacturmy problem, in that Alnico 5 frequently 


cracked 
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Figure 14 


With the floating sensors, the coils were wound 
on nylon bobbins and the wire ends were soldered 
to metal terminals, as shown at the top of Figure 14 
Later the lead wires were soldered to the terminals, 
then the stator components were put into the stator 
housing. With the initial design, the assembly was 
filled with a soft rubber-like potting. Because manu- 
facturing equipment was not available, experimental 
sensors were filled with the potting material only 
at the terminal cavity. Several instances of wire 
failure were traced to motion within the potting 
material. Therefore, it was decided to encapsulate 
the coi! and terminals in a more rigid material 
Thermoset EL-798, a thermosetting epoxy, was 
selected. An encapsulated coil with its lead wires 
attached is shown on the bottom of Figure 14 The 
sensor, developed as described, was released and 1s 
in production. 


Another laboratory development and proof test 
fixture is shown in Figure 15. It consists of 2 axle 
and driveshaft assemblies mounted in a test fixture 
Weights, equivaicnt to the tire and wheel, are 
attached to each axle shaft flange. These and the brakes 
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are then enclosed in the 4 environmental chambers 
shown. The propeller shafts are driven at the equiva 
lent of 30 and 60 mph while air-powered cylinders 
raise and drop the axles to produce G loads in a 
programmed pattern based on measurements taken 
on the Ford rough road durability route. These 
shock-load and wear tests are conducted at ambient 
temperatures and at extremes ranging from -67F to 
+ 350F. During the ambient life test, a mixture of 
brake linang dust and Arizona test dust is introduced 
inside the brake drum. Sensor output is measured at 
4 mph and 100 mph before and after the test. Rub 
ring, wear 1s measured at the completion of the test 

The control. module was originally packaged 
integrally with the actuator so that the module and 
actuator could be attached to a common mounting 
bracket. and pre-tested as an assembly prior to 
delivery to the assembly plant. This arzangement 
proved to be undesirable because of the environ- 
mental extrenves iunposed on the module. In addi- 


tion, nothing was gained by a proof test of this 


10 


assembly. Therefore, it was decided to locate 


module inside the passenger comparunent, 
inside the left kick panel or under the glove box 


as shown in Figure 16. The lattcr was released for 
production 

MODULE LOCATION 
| © 
‘ Raps oe eal ° 
ae ~ 
| { 


etal tat” minced ~~ Mw 


Figure 16 
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Ihe development program revealed that it was 


y to des.gn a module which performed 


tistictorily down to -t coefficient of friction 

However, it required many hours of design considera- 
tions. computer analysis, nd laboratory and car 
prove-aut to develop a module which would self- 
adapt for road changes and give satisfactory 
p 1 on a complete spectrum of speed with 
friction coefficient from 05 up to dry concrete 


Performance control 


requirements for the 
include input-output characteristics before, 


( in \ thermocycling at temperatures 
ranging ft 67F to + 200F over a fifteen-day 
re the automatic equipment for checking 
performance charact istics is shown in Figure 17 
Other requirements pertain [0 vibration and impact 
resistance established by measuring the loads 


imposed during cat operation It is interesting to 
note that the maximum impact load imposed on the 
control modulc vecurred when the glove box door 


was slammed, which produced loads as high as 

16.7 G. The specification we established requires 

catistactory performance after 314 hours of 30 to 
I 

400 G impacts of 10 to 15 milliseconds duration at the 

rate of one per second, and after smaller, varied, 


LL 
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higher-frequency vibration loads for a period of onc 


hour. 


Figure 18 


E- 


i 


620 


MODULE ENVIRONMENTAL TEST EQUIPMENT 
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the brake actuator ts vacuum-suspended, has a Figure 19 shows an carly design actuator. During 
displaccment-rod type hydraulic cylinder, and has a the devclopment program several design improve 
solenoid-operated vacuum-air valve. Figure 18 is a ments were incorporated. Among them were better 
schematic showing how it operates. When a skid sealing against corrosion for the solenoid, improved 
is imminent, a command from the control module ait boe vo OE oe 
causes the solenoid to close the vacuum passage to ' EAKLY DESIGN ACTUATOR 
the right side of the diaphragm and to open it to 
atmospheric pressure. This causes the diaphragm , 
and power phite assembly to move to the left com- — ' <f ~ =, 
pressing the return spring Hydraulic pressure from Ss. \ 
the master cylinder acts on the end of the displace- ! 2 ones 
ment rod and forces it to the left. The first short othe) ‘ \ 
movement closes the check valve and isolates the cy © Nemes 
master cylinder. Additional motion increases the ° be \ 
volume for fluid thereby reducing the hydraulic 3 a : ("t 
pressure to the rear brakes so that they release 4 : \\ ; 2 i Fed) 
When the wheels spin up, the control module causes ~ ¢ , Aweas A { 
the solenoid to revert to its normal position. Vacuum “nena ¢ f 7? . oP Mi sets, 
is apphed to both sides of the diaphragm and the ie F 
return spring forces the power plate, diaphragm, 
and displacement rod to the right This restores line 7 ‘A = 7 apt 
pressure and reapplics the rear brakes Figure 19 
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diaphragm clamping, and more free breathing. Since car tests confirmed this conclusion, the 
Even though no actuator was ever known to fail in actuator response was changed to that shown at the 
the partially applied position, a position sensitive right on Figure 21. The change in rate of pressure 
witch was added to warn of loss of rear brakes in 
the event such « failure occurred ACTUATOR RESPONSE 

The released actuator design is depicted in EARLY PRESSURE PRESENT PRESSURE 


Fiyure 20. Note that the power plate and diaphragm 
can move away from the displacement rod so that 
rapid cychng of the actuator cannot create a vacuum 


DUMP AND BUILD-UP DUMP ANDO BUILD-UP 


in the hydraulic system 


Originally the piston had straight sides and a 
spherical radius where it seats in the power plate. A 
taper was added to correct a bind problem that 


occurred after corrosion tests 


The early design actuator had pressure dump and 
build-up characteristics as shown at the left on 
Figure 21. Computer studies indicated that ideal 
wheel slip could be more nearly attained with a lower 
rate of pressure build-up as the cut-off pressure was 
approached, particularly on high friction surfaces Figure 21 
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rise was achieved by the addition of a position 
sensitive valve which restricted the vacuum pas- 


sages 


Figure 22 shows part of the test set-up for actuator 
validation. The is mounted in the en- 
vironmental chamber shown in the foreground. A 
pneumatically driven master cylinder applics brake 
fluid pressure cycling from 0 to 1000 psi On the 
tenth the held the 
actuator 1% ten This sequence is 
repeated for a total of 500,000 static and dynamic 
ambient temperatures. Similar cycle and 
at temperature extremes 
67F to a high of + 280F. 
After the hydraulic vacuum 
leakage input-output response characteristics 
must be within prescribed limits 


test actuator 


application, pressure is while 


cycled times 
cycles at 
soak 


ranging 


conducted 
of 


these, 


tests are 


froin a low 


cach of and 


and 


Several locations were considered for the actuator 
plant processing problems 
dictated that the hydraulic system be attached to the 
to brake system bleeding prior to 
front-cnd sheet metal decking. Therefore, the loca- 
tion on the right of the frame near the gear of the 
engine, as shown in Figure 23 was released. A large 


However, assembly 


chassis permit 


mounting bracket was developed cooperatively with 


assembly plant processing engineers to protect the 
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actuator from damage during «gine transnission 


decking and body decking 
SYSTEM PERFORMANCE 


The performance objective sct for the system was 
to improve vehicle yaw stability, with overall stop 
distance no greater than obtained with 
lock. The performance was determined by making 
a series of spike stops un each test surface with the 
system “off-on-on-off” and repeating the 
until an average or statistical comparison 
possible. On high friction surface tests, it was also 
necessary to test in a prescribed speed sequence 
otherwise, results were unreliable because the base 
brake system had some kind of “memory” when 
repeatedly subjected to the same high speed, high 
friction stops. In fact, when high friction stops 
were being made on several successive the 
brakes were mildly burnished cach night te overcon 
this phenomenon 


four-wheel 


sequence 


was 


days, 


The ‘performance data taken between January 
and November, 1968, was recently reviewed to see 
how many “spike” stops had been made. The result 


was an amazing 15,000 plus 


A car, instrumented for performance test 1s 


shown in Figure 24. Recording instrumentation ts 
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required to consistently determine the stop distance 
with reasonable accuracy. Figure 25 is a fepresenta- 
tion of the data that must be taken Vehicle velocity 
is measured with a Sth wheel Hydraulic pressure 
is measured for 2 reasons. It shows if the system 
being tested affects the rate of brake application and 
it gives a starting port for measuring distance 
When the data is reduced, stop distance 1s measured 
to the closest .5 foot using the point where the line 
pressure reaches 600 psi as the “start-of-the-stop.” 
‘This distance is then corrected based on the square 
of the desired initial velocity divided by the actual 
initial velocity measured to within .2 mph. The neeJ 
for this accuracy becomes obvious when we consider 
that on a stop from 60 mph an crror of 1 mph in 
speed, .2 seconds in point of application and 1 foot 
in distance add up to more than a 10% error in stop 


distance 


During most development tests additional data 
was taken so that the performance of the system 
could be evaluated. A typical tape is shown in Figure 
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26. The system is “off” (conventional brakes) at 
the top and “on” (Sure-Track system operational) 
at the bottow. In addition to the iniormation pre 
viously mentioned these tapes show individual 
wheel velocity, vehicie deceleration, and the solenoid 
signal. Yaw is not shown here but was usually 
measured by means of a gyroscope and recorded on 
the same tape. When appropriatc, other data such as 
manifold or actuator vacuum, front brake = linc 
pressure, sensor signal, and engine rpm were taken 

Friction surfaces ranging from dry concrete down 
to about .05 were available on the Ford proving 
grounds. The low friction was obtained by using 
Hydrolube and water on a plastic shect. The validity 
of development tests on this surface was confirmed 
by tests on ice at Dearborn, International Fall: 
Minnesota and on the Olympic ice rink at Squaw 
Valley, Calif 


wili 


Almost any reasonable anti lock system 
show an improvement in vehicle yaw control, but it 
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ts extremely d:\.cult to also reduce stop distances Sure-Track system provides significant yaw reduc 
ver wide rang:s of speed and friction encountered tion on an overall basis. Even more remarkable is tae 
in customer service. Figure 27 shows a statistical reduced yaw when stopping with high friction on 
plot of yaw during 60 mph stops on wet asphalt with one side of the car and low friction on the other 
conventional and Sure-Track brakes. Similar data This significant improvement in yaw control is 
for 20 mph on Hydrolube is shown in Figure 28 achieved with a system which also reduces the 
While it is true that on a given stop any car may have overall stop distance, compared to four-wheel lock, 
relatively lithe yaw, these charts show that the as shown in Figure 29. 
IMPROVED YAW CONTROL IMPROVED YAW CONTROL 
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The upper portion of Figure 29 shows average 
distances with 4-wheel lock and frack under a 
wide ranee of friction and vehi peed conditions. 
Regular production tires were eos on these tests, 


inchidiag uctermination of the co:fficient of friction. 
The procedurcs previously described were used in 
determining the stop distances. As previously 
indicated, the yaw improvement due to Sure-Track 
is remarkable. On extremely low friction surfaces, 
such as ice, and high friction surfaces such as dry 
pavement, 4-whecl lock and Sure-Track stop distances 
are essentially equivalent. However on moderaiciy 
low friction surfaces and at 60° mph on medium 
friction surfaces, the reductions in stop distance due 
to Surc-Track are impressive. 


The lower portion of the chart shows the benefit 
of improved vehicle stability when making panic 
stops with significantly different friction on the two 
sides of the car. This is equivalent to making panic 
stops with the 2 wheels on one side of the car on 
snow and the two on the other side on clear pave- 
ment. With 4-wheel lock the car goes out of control 
and yaws more than 90 degrees in aJ! such stops, 


while with Surc-Track yaw is significantly reduced 
even under these extreme conditions. 


SUMMARY 


The use of anti-lock braking system on aircraft led 
to efforts to adapt such a system to road vehicles, or 
to develop » unique system. Experimentation with 
several systems led to » set of requirements neces- 
sary for feasible vehicle anti-lock system develop- 
ment. Refinement of one particular system led to its 
introduction as an option early in the 1969 model year. 


More than 15,000 on-the-road braking tests plus 
laboratory and computer analysis of pre-production 
units have assured attainment of system reliability, 
manufacturing feasibility, and substantially —im- 
proved braking performance. Road tests have 
shown that yaw stability during panic braking ts 
controlled to close limits under all conditions and 
that stopping distance is the same or less in most 
braking situations, regardless of the coefficient of 
friction of the road surfa* or speed at the time 
brakes are applied. 
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‘PLAINTIFF'S EXHIBIT 122 


UNITED STATES DISTRICT COURT 
SOUTITRN DISTRICT OF NEW YORK 


-against- 


THE SINGER COMPANY, 


Plaintiff submits as 


"PERMA RESEARCH & DEVELOPMENT COMPANY, 


---- "+7" X 
Plaintiff, : 66 Civ. 665 
: PLAINTIFF'S PRE-TRIAL 
MEMORANDUM - 


Defendant. 


"plaintiff's Pre-Trial Memorandun", 


pursuant to the requirements of Calendar Rule 14 of the Rules of 


this Court and of the order of Chief Judge Sidney Sugerman, dated 


Introduction 


The attorneys for plaintiff, Pérma Research & Develop- 


went Company ("Perma"), and defendant, The Singer Company 


("Singer"), met and conferred on September 23,.1971. At that 


mecting, the parties were unable 


to reach agreement concerning 


the facts and issues to be litigated; defendant's position as 


stated at that meeting was 


that only after plaintiff presents its 


case in court and ‘only after plaintiff's case withstands a motion 


for a directed verdict will defendant then select the aspects of 


plaintif{£'s case which it will dispute. 
/ 


Plaintiff believes th 


Frederick Van Pelt Bryan, 


at the decisions of Judges 


Floyd F. MacMahon and Charles M. Metencr 


on three motions for sumnary judgme 


nt and one for reargument made 


by defendant have climinated a large number of potential issucs 


. 
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(c) Defendant failed to utilize available col- 


laboration with plaintiff. 


i 
\ 
5. Further Narrowing of Issues for Tria) 
i 
Judge MacMahon's opinion identified the principal 


1 issue for trial as “whether Ginger did use its best efforts for 
iia reasonable length of time in collaboration with Perma to per- 
ifect the product in order to be in a position to market it." 
‘(Perma v. Singer, 308 F.Supp. at 749.) While marketing could 


not be commenced until a number of problems were solved, Singer 


viewed the “fail-safe" problem as the principal one. The "fail- 


‘- safe" 


‘vice failed, it could possibly impair the operation of the auto- 


problem, as described by Singer in 1965 was that if the de- 


* mobile brakes and possibly result in an accident. MTwo Courts have 
‘previously found that it was because of the "fail-safe" problen 
| that Singer abandoned the contract in 1965. Perma ¥ Singer, 
66 Civ. 665 (SDNY, March 29, 19€%), at page 4; Perma v. Singer, 
, 410 F.2d, S72, 574 (2nd Cir. 1969). “Plaintiff submits that these 
‘ decisions establish the law of the case and that, accordingly, 
the pre-trial order should limit the issues for trial to the fo1- 
lowing specific question: . 
7 “Did Singer use its best efforts, for 

a reasonable period of time, in collaboration 

with Perma to make the invention 'fail-safe'?" 

In the event this Court does not agree that the issucs 
can so be narrowed, the problems against which. Singer's “Dest of- 


forts" are to be measured can be no broader than those stated by 


Singer in 1965 to be ones which caused it to abandon the contract.* 


"it should be noted that it is plaintiff's position that neither 
the cxistence of the problems enumerated below nor the inability 
to solve them cconomically caused Singer to abandon this contract. 
According to defendant's own estimate, they could have been solved 
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-l and that a trial sc limited will substantially conserve the time 
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, Mi es RR RS Oe Race Nyce oe igh cat | 
t . oes 
j In addition to the “primary” fail-safe problem, those claimed 


. - . . 


, bY defendant at the time were: oa 
_ (a) engine stalls saawited in vacuum loss 
F a 38 ‘and brake line pressures below speci- 
, fications; 7 all : 
(b) vacuum at slow automobile speeds was os 
c : inadequate to setae slight lag in 
; operation of invention; 
(ec) the unit could be "fooled"; and q 
‘ (a) ‘reliability testing of the invention and 
its poenoennenr ee was not complete. 
In other words, whether Singer used its “best efforts" _ 


under the contract must be determined by whether it did sce with . 
% 


“respect to those problems which in 1965 it claimed led it to 
aw 

i ; ae 

“abandon the contract. It would be manifestly unfair to allow 


“defendant now to-raise other problems not claimed as such prior 


? to this litigation. ~ ofS 

: A complete trial of all the reasons: set forth above 
* would require several weeks and masses of technical engineering 
" aetail. Plaintiff submits that. the differences between the par- 


; ties can be fully and fairly tried on the question of fail-safety 


- of this Court. oe y . 
,at a cost of between $300,000. and $1,000,000. - a small cost for ° 
a product of this nature. Defendant abandoned the contract be~ 

‘cause its principal executives decided for the first time, months 

‘after entering the contract, that defendant should not be in the 
husiness of supplying safety devices to the automobile industry, 

‘involving products distinctly different from defendant's other 
products, with possible procuct liabidaties and competitive Fasns 
‘to Singer not previously encountered by it. These grounds cceuld 
have properly been the basis for a decision not’ ts enter the De- 
cewber contract, but after aofendant entered it, they could not 
properly provide justification for Singer's abandoning the con- 
tract. It ic plaintlet*s rosition that these were the real 
reasons for defendant's abandonment and that. defendant wholly 
failed to use its best efforts to perform the contract. 


‘ ., 
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DISTRICT COURT 


UNITED STATES 


SOUTHERN DISTRICT OF NEW YORK 


PERMA RESEARCH AND DEVELOPMENT : 
COMPANY, 
Plaintiff, 
* 66 Civ. 665 
-against- 
: Cal. No. 97(2) (LECH) 
THE SINGER COMPANY, 


Defendant. 


oe 


ADDITIONAL REASONS RENDER- | 
ING THE PERMA ANTI-SKID | 
DEVICE UNMARKETABLE 


Pursuant to the proceedings at the pretrial confer- 

ence in the above matter, held July 5, 1972, before the Hon. 

Edward C. McLean, U.S.D.J., set forth below are the additional 

reasons rendering the Perma anti-skid device unmarketable. 
Defendant claims that the Perma anti-skid device 

was not marketable and could not reasonably have been made market- 

able on the following grounds such grounds being in addition to 


those specified by plaintiff in its proposed Supplemental Pretrial] 


Order dated July 19, 1972): 


A. Perma consistently declined to admit that there 


were problems precluding the marketing of the device other than 
Singer's quality control and therefore failed to collaborate 
adequately with Singer in attempting to solve such other problems 


B. The Perma anti~skid device was acfective in that 


the basic concepts underlying its operation precluded it from 


PX 122, p 4 
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being an effective anti-skid means. The basic concepts under- 
lying the operation of the Perma anti-skid device were defective 
in the following ways: 
1. The system ioe not fail-safe. 
| 2. The system used a mechanical sensor which was 


insensitive and unreliable. 


3. The system used a centrifugal speed governor 


had no relationship to wheel braking requirements. 
4. The sensor was driven by a speedometer drive 


| 

| 

| as a sensor, although the wheel speed which the governor senscd 
and cable which was not designed to carry such additional loads, 


clearances of the many parts involved. 


5. The system used two sensing systems: a cen~ 


and also produced erroneous signals due to the flexibility and 
| 
| trifugal speed governor and a rotational inertia deceleration 
owes having a complicated interaction, which inherently in- 
; creased the possibility of failure. 

6. The system controlled all four wheels of the 
vehicle from a single sensor, ignoring the effect of weight 


| 


~|) transfer between the front and rear wheels of an automobile 
| during braking. 

7. ‘The Perma sensing unit lacked capability for 
sensing differing road conditions and adjusting performance to 
such varialle conditions. 

8. The system used a single brake pressure modu~ 
lating device (Perma-Vac) for all brakes on the vehicle in viola- 
tion of certain state legislation mandating split braking systems. 

9. The operation of the Perma system depended 


upon the performance characteristics of the vehicles in which it 


(Px 122, p 5] 
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was installed, which performance characteristics were not rea 
ably available and could not reasonably be developed. 
10. The Perma system could not, as intended by 


inventor, be safely and properly integrated into the differen 


}braking systems of a broad variety of vehicle makes and mode] 


j}under the range of environmental and brake system conditions 


‘ 


y to be expected. 


sonably 


ll. The Perma system could not produce, unde. 
road conditions, stopping distances equal to or shorter than 
stopping distances of vehicles not equipped with the system. 


12. In the Perma system, the amplitude of pres 


Sson- 


{ 


rc. 


al) 


sure 


variation in the brakes during operation of the system was too 


high, causing unacceptable freewheeling periods and alternate 
periods of wheel locking. 
13. The system's cycling frequency was inheren 


too low. 


t Vv 


14. The system required a change in driver habits. 


Cc. 1. Installation of the device on vehicles by 


sons other than the original manufacturers of the vehicles re 


sulted in unreasonable hazards to the users of the vehicles. 


per 


2. Installation of the system involved altering 


the manufacturer's original braking system so as to create un 
sonable risks that the vehicle manufacturer's warranty pro 
of the purchaser would be destroyed. 

D. Even assuming that the underlying concept of th 
Perma system could have resulted in a device with a suitable 
anti-skid function, there were the following defects relating 


thie rina system which could not reasonably have been cured: 


re. 


e 


oO 
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1. The system used obsolete component types \ rich 
| 

In. long been abandoned by vehicle manufacturers, as for ex 

} 

(a) Use of sliding members rather than 

1 

! flexible diaphragms, as in the construction of the 

} Perma-Vac, the transfer valve and the pressure 

} switch; and 

| (b) Use of rotary valves and sliding 
valves rather than poppet valves. a: 

| 2. The testing of system components by Perma at 

lthe time Singer entered the December contract was so inadequate 
that: 

(a) Component design and specifications 

could not reasonably be determined; 
(b) Performance criteria for the Perma 

| ; 
; device could not reascnably be determined; 

(c) Performance criteria of the system 

and its relation to vehicles could not reasonably 

be obtained; and 
(dad) Such automotive industry criteria 

y for anti-skid performance as were known to Singer 

could not reasonably have been met.within the configura- 

tion of the Perma design. 
3. The selection of materials for the Perma Sy 

} ; ; 
tom had been made by Perma with apparent disregard for the per- 
form -e characteristics of those materials under reasonably 
forsceuble conditions in an automobile. 

} 4. The Perma-Vac component used an atmosphere 
suspended system, resulting in unageeptably long response tine 
for the pressure modulator, 

< 
whew 
‘ 
(Px 122, p 7) 
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rc 


purposes. 


G6. The design of the pressure switch inherently 


produced a large dead-band, namely a great difference between 


opening and closing pressures. 


7. The design of the pressure switch resulted 
} 


in wide variations in opening pressures in successive operat 


of the switch. 


- 
— 


8. The system had no provision for ci 


time or periodic lubrication. 


9. Installation of the Perma device in many vel 
cle type: nd models proved unreasonably difficult and time con 


suming. 


10. System component design made repair and main- 


tenance unreasonably difficult and expensive. 

ll. The need for extensive redevelopn 
Perma system reasonably indicates that, even if such redevelo; 
were successful, the cost of the Perma system would be so high 
as to be prohibitive to the ultimate user, thus rendering the 
Perma device unmarketable. 


Dated: New York, New York 
October 6, 1972 


WINTHROP, STIMSON, PUTNAM & ROBLi 


o£ Clan4 


A Member of tlic Firm 


Attorneys for Defendant 
. The Singer Company 
40 Wall Street . 
New York, New York 10005 
Wilitchall 3-0700 


YO: 


POLETYV], FRATDIN, PRASIKER, 
FELDMAN & GARTUER 
Attorneys for Plaintilfl 


777. Vhird Avenue 
New Yorh, thew York 10017 
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Simulation of Perma Anti-Skid Device 


Threshold .92g 
Pressure switch setting: Opens Closcs 


in footpounds 150 ~ 250 
in PSI (approximately) 115 159 


Gear Ratio 24:1 


Sur fac Cocfficient Distance 

__ of Friction _—_- Speed With Without in feet 

eto 60 3158.5 160.8 

25 29. ee 

7 60 168.1 Seben 

40 77.0 77.9 

25 31.3 ahea 

5 60 174.4 180.7 

25 28.9 29.1 

2 35 171.0 195.6 

25 87.2 101.4 

15 S2 ek 36.8 

my O 25 124.6 134.6 

20 79.0 86.8 


E+ 636 (PX 123, p 1) 
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Simulation of Perma Anti-Skid Device 


Threshold .92g 
Pressure switch settings: 
on“ in footpounds 


Gear Ratio 12:1 


Surface Cocfficient 


With 
of Friction Speed 

275 60 158.3 
25 31.3 

of? 60 167.1 
40 78.6 

25 32.9 

«5 60 172.8 
25 30.8 

an 35 Reese 
25 89.5 

15 32.6 

-15 25 120.0 
20 77.0 

15 44.9 

E- 637 


in PSI (approximately) 


Opens 
150 
115 


Without 


(Distance in Feet) 


Ww 


| 
| 


Simulation of Perma Anti-Skid Device 


Threshold .92g 


Pressure Switch Setting: Opens Closes 
in footpounds 150 250 
in psi (approximately) 115 159 


Gear Ratio 18:1 


Coefficient MPH With Without 
Friction Speed ____Distance in Feet __ 
ato 60 157.7 160.8 

25 29.8 29.3 

? 60 166.9 171.2 
4/40 77.5 77.9 

25 71.5 31.2 

5 60 174.1 180.7 
25 29.3 29.1 

2 35 167.4 195.6 
25 83.3 101.4 

15 32.8 36.8 

Pp 25 122.9 134.6 
20 78.0 86.8 

15 43.6 49.1 


{PX 12 ) 
E- 638 A 


Threshold .92g 
Pressure switch setti 
in footpounds 
in PSI (é1p 
Gear Ratio 24:1 


Surface Cocfficient 
pe ee ON With Without 
ofS 158.5 160.8 
29.7 29.3 


168. 
Wy 
- 31. 
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EXHIBIT 128 
; STOPS) 


Simulation of Perma Anti~Skid Device 


Threshold .92g 


Pressure switch settings: Opens Close: 
in footpounds 150 250 


in PSI (approximately) 115 159 
Gear Ratio 12:1 . 


Surfacc Cocfficient : With Withow 
of Friction ce Speed (Distance in Feet) _ 


‘ 


PR i 60 : 158.3 160.8 
25 Shed 29.3 


of 60 167.1 A712 
40 78.6 479 
25 32.9 31.2 


5 60 172.8 188.2 
25 30.8 29.2 


wn 35 172.1 195.6 
25 -' $89.5 101.4 

15 32.6 36.8 

ap be 120.0 134.6 
j 20 77.0 86.8 


5 £4.9 45.1 
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PLAINTIFF'S EXHIBIT 129 
(FIRST THREE STOPS) 


SimuJation of Perma Anti-Skid Device 
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I, Genera) i isiintnt of Mojor hasemblies | 


A. Sensing Unit 


This unit is basically teen with two c.untrol 
systems, mechanical and electrical, The two 

Systems perform specific functions which are 

interwoven to obtain a pumping cycle of brake as 
pressure in conjunction with the other maser 
assemblies. 


ie. Mechanical Systen - 


The mechanical system is driven by means of 
a flexible cable which connects the sensing 
unit and gear box described below. The cable 
Orives a shaft with a dcelrin gear, which 
Orives a cam gear mounted on a governor shaft. 
The cam gear “rives the governor shaft whici 
is of two piece construction. The governor 
weights are mounted on a collapsible cradle 
which is pinned to the fixed and movable 
portions of the governor shaft. The movable 
ortion of “he governor shaft is attached to 


he lever arm of a rotzery valve. 
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“When the drive gear is rotating at nigh 
speeds, the governor weights hold the 

movable shaft in Position "A", ‘he rotary 
valve is also in Position "A" which opens 

the atmospheric port of the rotary valve 
allowing atmospheric pressure to cnter the 
vacuum accumulstor described below. While 
the valve is in this position, full braking 
pressure is applied to whe vehicle brake 
Grums which locks the whecls. As the drive 
train is slowed down by the braking action 
the governor collapses due to the force ex- 
erted by the return spring and the lack of 
sufficient centrifical force in the governor 
weights te overcome the spring force. As 

the movable portion of the governor shaft 
shifts to Position "B", the rotary valve is 
turned, closing the atmc-rheric port and open- 
ing the vacuum port. This allows vacuum to 
enter the vacuum accumulator which reduces 
the brake pressure and unlocks the wheels. 

As the wheels start turning, motion is trans- 
mitted to the governor shat and the weights 
shift the movable shaft back to Position "A”. 
This action applies full braking power and 
locks: the venicle wheels. The unit will 
continue to modulate the brake pressure in 
this manner until the vehicle speed is reduced 
to approxizately 12 m.p.h. At this speed, 
the governor weights cannot return the valve 
to Position "A", and the electrical circuit 
takes over as described below to return ful), 
braking power to the vehicle. 


- 


2. Electrical System 


Tne electrical system is composed of a micro 
switch, hydraulic pressure switch, solenoid 
and reverse disconnect contact. The solenoid 
is constructed with a spring loadec slunger 
and is normally de-energized. This system is 
Gesigned to perform the following functions. 


a. Prevent the unit from cycling during 
normal stops. 


b, Trigger the unit when lock-up occurs, 

c. Alzow the unit to cycle mechanically 
on high coefficient of friction road 
conditions. 


” 7 
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0. Return full braking, pover waen yovernor 
' snaft soecd is too low to accomplish 
this. 


e. Cycle the unit electrically on low co- 
efficient of friction road conditions. 


f. Prevent unit from cycling in reverse. 


The following are schematic diagrams of the 
system, 
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Figure 2 shows the system in the non-activated 
state with the vehicle moving 2nd no breaking 
being coplied., Notice that the spring loaded 
solenoid plunger keeps the rotary valve in the 
atmospheric position which allows braking nower 
at low speeds when brakes are apolicd during 
norinol driving. The reverse switch is closed 
when the vehicle is traveling, forvard or stopped 
and only opens when the vehicle is going in 
reverse. The micro switch is open during norm) 
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Oriving and braking which prevents the unit 
. from cycling. Tne pressure switch is 
( normally open and closes only when braking 
is applicd. Figure 2 shows the mecnanical 
means used to close the micro switch when 
the brakes are jamacd on. ‘Jnen the vehicle 
is moving and the bralres are jammed on, the 
cem gear is moved in the dircction snown by 
means of the camning action of the pin on 
e the cam, Tne micro switch trin button is 
triggered and the switch closes, 


As mentioned above, the pressure switch is 
closed when the brake pressure is applied 
and the electrical circuit is clors:d. The 
current flowing tnrough this circuit ener- 
@izes the solenoid coil and the plunger is 
retracted. Tne solenoid ground circuit is 
completed and the solenoid stays retracted, 
allowing the mecnanical system to operate as 
orevicusly described even though the micro 
switch opens (Figure 4). 


When the vehicle speed is recuced to apnroxi- 
mately 12 m.p.h., the pressure in the brake 
system will fall below the pressure switch 
setting and the circuit i: broken. The sole- 
( noid is de-energized and the spring loaded 
plunger shifts the rotary valve to Position 
‘A" (Figure 2), and full braking power is 
; returned ‘to the system. On very low cocffic- 
i ient of friction road conditions, the pressure 
‘may drop below tie switch setting during cycling. 
Wnen this occurs, the unit will cycle elcctri- 
cally off the pressure and micro switches, 
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Perina-Vac Unit 


Tais unit is designed %o nerform tae following 
functions. 


1. Check off the brakc pedal pressure when 
wheel lock-up occurs. 


2. Reduce line orake pressure to release locked 
wheels. 


a Return brake pressure to lock wheels éourin 
t o 
cycle. 


- 


4, Return hydraulic system beck to normal operat- 
jon after vehicle has come to rest. 


Tiere are two varieties aveilable. One type is 
equinped with a single piston and is used on 
vehicles witna standard type master cylinders. 

The other variety is designed with a dual piston 

to accommodate venic.cs witn dual. master cylinders. 
The basic operating principles are the same in each 
case. However, tne output pressures ané disnlace- 
ment cenabilities are somewnet different. Tne 
single piston unit (Figure 5) will be described. 


When the vehicle engine 45 running, vacuum enters 
the transfer valve directly from the engine mani- 
fola es snown (Figure 5). It goes througn an 
opening in tne valve and enters the ch-moer in front 
of the spring loaded Gizpnragnm. This gids the 
spring to overcome the force exerted on the piston 
when braking is applied ané prevents the piston from 
retracting to Position "3""until a predetermined 


“pressure is reached in the hydraulic system cs vineel 


lock-up occurs. When this pressure (check off 
pressure) 4s reached, the piston will retract, allow- 
ing, the check valve to seat end thereby isolating 

the master.cylinder and bree pedal from the system, 
At the seme time, the Sensing Unit will react, to 
wheellock-up by turning the rotery valve as de- 
scribed previously, which allows veerum to enter 

the rear chamber of the Perina-Vec Unit. Since the 
diaphragm chamber of the transfer valve is teed 

inte this line, vacuun will enter the transfer valve. 
and retract the valve. Tne valve will close off the 
vacuum intake port and open the atwospnceric port 
exnosing the front chamber of the Perm:-Vac to 
atmospheric pressure. The vacuua pressure in the 
rear cha;yer of the cam overcomes the spring force 
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and the piston moves to Position “B". The 
movement of the piston #liows Luske .luid 

to enter the cylinder bore. ‘The hydraulic 
brake line pressure is reduced by this 

action ard tne wheels ure unlocixed. hen 

the wheels start rotating, the governor 

action of the Sensing, Unit turns the rotury 
valve whicn allows atmos.'::ric pressure to 
enter the rear chamber of the Perwa-Vac. 
Atmospheric pressure is also allowed to 

enter tne diaphragm chamber of the transfer 
valve and the valve is returned to its 
original pesition by che return spring. The 
atmospheric port of tne transfer valve is 
closed and the vecuum port is opened allowing 
vacuum to enter the front cha.acer of tne 
Perma-Vac Can, Vacuum on the front side of 
the can diaphragm and atmospneric pressure on 
the rear side aids the retura spring to return 
the piston to Position "A", which increases 
tne brake line pressure and locks the wheels. 
Tnis cycle is repeated until the venicle ha 
come to rest. At this time, ti - piston ret 3 
to its original position and unseats the check 
valve which returns the hydraulic system cack 
to norml., 
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C. Trunsfer Valve 


- 


Pais nesembly is designed to regulate the pressure 
in the front chamber of the Perma-Vac Unit. Figure 
6 snows the unit in its normal operating position 
when the Anti-Skid Device is not being utilized. 
Figure 7 shows the unit during the brake reicasing 
cycle of tne rerma-Vac, 
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Wnen the vehicle engine is running, vacuun enters 
the valve from the engine manifold (Figure 6) and 
goes through an opening in the valve and enters 

the front chanber of the Perma-Vac Unit. Tr2 atnos- 
pheric port is closed as shown, As soon as the 
Persaa-Vae Unit is cycled by the Sensing Unit, vacuun 
entrs the top of the transfer v.lve (Figure 7) and 
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the valve is retracted, Lircreby ‘closing tiie vacuum 
intake port and opening the atmospncric vort to 

the front of tne Perwa-Viec Unit. ‘Maen at.sospacric 
pressure is again applicd to the rear of the Perma- 
Vac, by tae turning of the rotary valve in the 
Sensing Unit, it also enters the top of the tronsfer 
valve. When this happens, the return soring moves 
the valve back to its original position and the 
cycle is completed. Tne transfer valve will cycle 
in the above manner cach time the Perma-Vac Unit 
cycles. 


D. Gear Box, Flexible Drive Cable and Adaptor 
These components comprise the mechanical drive system 


| used to transmit rotation to tne governor shaft of 
the Sensing Unit (Figure 8).. ‘ 
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Tac gear vox (Figure 9) is used to step-up the 
speed ratio from the transmission in order to 
cain greater sensitivity in the Sensing Unit. 
When tne rear wheels lock-up, torque is trans- 
initted through the adaptor, gear box ana flex- 
ible snaft to the Sensing Unit. This ection 
triggers the micro switch in the Sensing Unit 
as previously described. 
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Pressure Switch 
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Tre basic function of this assembly is to break 

{ the electrical circuit and return the systen back 

: to normal braking status after a panic stop. The 
unit is constructed with a small piston which is 
spring loaded. The piston moves against the snoring 
force when hydraulic pressure is @pplicd, thereby 
opening and closing electrical contacts. Tne 
suitch is pre-set at the factory and sneuld not be 
re-set in the field. Tne following is a schematic 
Graving of the switch, 
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II, Perfommnes Citeria 
A. Opcrating enes 
Tne unit is designed to sHthe witeds tne rolloving 
renges wnen braking is applicd cbrunily and botna 
rectr wheels lock-up. 
1. Temperature: 200°F to -30°Fr (*) 
2. Speed: 
a. iMaximum: 80 m.o.h. (*#*) 
b. Minimum: 10 m.p.h.- 
3. Cycles per second: 
Dry Pavement: 1-2.1 ove.2. fren 


Wet, Gravel, Snow or Ice: 1.3-2.4 


( 4. Minimum Vacuum: 15 in. Hg. end an excess of 12 
inte cu. ft. per minute in volume of vacuum, 


S Minimum Voltege: 11 Volts D.C. 


5. 
(**) Vehicles heve not been tested over this speed. 


(*) This information is based on tests conducted by 


Perina, Environmental tests at this temperature 
have not been made by Singer to date. 


B. Application Requirements 
Vesicles must nave: 
1. Hydreulic operating Crum tyve brakes, 
2. 12 Volt D. C. electrical system. 
- my . 
4, Rear wheel drive. 
5. Internil combustion engine which creates a 


minimum of 10 inches of v2cuun cnd an excess 
of 12 cu. ft. door minute in volume of vacuum, 


6. Vehlele brake systea aust be in 7908 condition, 
orojer)y adjusted and bled, 
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C. Limits:tions of Unit 


1. Stcering Control 


2. By steering control tic meen the operator 
can iseneuver che venicle curing craxing 
when trying to cvoid < collision. ‘hen 
stopping the venicic on tuo lens roads 
where straight ctonoring is essential, the 
unit enables the opcretor to stop tae 
venicle within O to 5° with resnect to 
the road. 


Tne unit affords steering control on all 
road conditions excent ice. The unit 

will not provice stecring control under 
conditions where: stecring control would 
not be available even without brakes being 
applied due to extremely low road fricticn; 
centrifugal skids due to excessive nigh 
speeds on shar> curves or nhign ecceleration 
on Sslipvery roads. Tnese conditions usually 
cccur on wet ice, snow on ice,. glazed ice 
and ice on 3 crowned road. 


b. On mixed road conditions, two rig¢ht wheels 
on snow or ice and tivo left wheels on dry 
pevemnent, the unit vill enadle the operator 
to bring the venicle to rest at én angle 


of 0-59 with respect to the road, cenending 
on the amount of correction introduced by 
the operator. 
2, Stopping Distances with Unit 
a. Dry Rozd Conditions 
1. 5Om.p.h. - Increzse by ..8 to 20% 
2. 30 m.n.h. - Increase by 4.4 to 20: 
b. Yow Coefficient Road Conditions 
() 1. 5O™m.p.h. - Decrease by 9 to 10% 


2. 30 m.p.h. - Increase by 6 to 158 - 
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3. Ability to Cycle 


a. Fooling the unit: 


( : 
It is rossible under certzin concitions 
to lock-up the wneels without cycling 
the unit. This charectcristic is terned 
"fooling the unit". As stated oreviously, 
the brakes must be cpnlicd coruntly in 
order to trin tne micro st:itch in the 
Sensing Unit. Tnis abrupt oreking action 
is generally applied during c:nergency 
stons. Wovever, drivers nave teen cold 
to apply -rakes slowly on slinpery road 
conditio** :9 avoid wheel lock-up. This 
is practiced by most expericnecd drivers 
and thercLore they must be inforned that 
the unit vill not cycle under these cir- 
cumstances. 


b. Loss of “icuum: 


The un:.. will not cycle if the vehicle 

{ stalls o: * loss ef vacuun to the unit 
occurs due t nose boreakese or excessive 
leakag> in the vacuum system of the unit. 
If tn> iosc of vacuum occurs before the 
brakes ze azplied, euring a «ycle or 
prior to reaching tie checx-< ff yressure, 
a loss of braking vower itl result. The 
calci:lited available pressure, disrcgerd~ 
ing friction is: 450 p.s... for a single 
pison unit, and 485 p.s. for a gual 
unit. This pressure may cr may not lock- 
up the wneels, devending on the speed and 
condition of tne brake Linings at tne time ~ 
tne failure occurs. 


c. Malfunctions due to imoroper settings, 
failure of components or breakage or 
electrical circvits are discussed in 
Aetail in Article III (Trouble Shooting 

. and Repair), 


\ : 
( a. The unit will function only on those 
venicles officially prototyncd by Singer. 
Adanting the unit to vehicles not incluccd 
on the official list must be discouraged, 
in that brake systems react differently 
on each vehicle and design vequiranents 
also very. Under no circuaitrnees is the 
present design configuration to be used 
on vehicles equipped with dice type brake 
sys tems, 
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N\, Road Test for Cycling 
a, horml Braking 


With a venicle speed of ayproximatel; 

30 m.p.h., apply Gradual braking as is 
normally done when stopning in traffic 
or a light. Tne unit should not cycle 
when this is done on dry read conditions. 


b. Emergency Braking 


With a vehicle speed of approximately 
30 m.p.h. on ory road conditions, apply 
the brake abruptly. The unit should 
cycle in a pattern as snown. 
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Notice that the length of tire skid rarks 
anég the distance between marks Giminsh 
as the vehicle speed is reduced. Tne 
length of tnese pulses are a function of 
road coefficient of friction; tire con- 
dition, weight distribution end other 
variables. Tnercfore, they will vary 
between different runs or stops end 
vehicles. 


After the vehicle has come to rest the 
system should return to normal braking 
condition. Part (a.) should be repeated 
te check this feature. 


When snow or wet navement 1s availatle 
the above checks should also be made for 
these road conditions. Diseretion should 
be used in chosing the test speed. 
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ec. Minimvn Cycling Sneed 

- 

At a speed of 10 m.o.h., apoly tne 

brakes abruptly. Tac unit should 

cycle. If this is done on dry road 

conditions, one pulse m2y only occur 

and it will be difficult to deteriaine 

whether or not the unit actually 

cycled. Tnerefore, it is sugcested 

that this test be made on gravel when 
road conditions, snow or ice are 

ot available. 
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A. Sensing Unit 


This unit is basically designed with two control 
Systems, mechznical and electrical. Tne two 

Systems cerform specific functions which are 

intersioven to obtain a pumping cycle of brake SS Lat 
pressure in conjunction with the other major 
BOSORTLIES s . 


‘ Mechanical one 


The mechanical system is driven by means of 
a flexible cable which connects the sensing 
unit and gear box described telow. The cable 
Orives a shaft with a celrin gear, which 
Orives @ cem gear mounted on a governor shaft. 
j ; The cam gee: Grives the governor shaft which 
‘ is of two piece construction. Tne governor 
weights are mounted on a collapsible cradlr 
which is pinned to the fixed and movable 
portions of the governor snaft. The movable 
portion of “she governor shaft is attached to 
the lever arm of a rotary valve. 
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“When the drive Gear is rotating at nigh 
Speeds, the governor “eicnts hold the 
movable shaft in Position "A", Tine rotary 
valve is also in Position "A" which opens 
the atmosoneric port of the rotary valve 
allowing atmossheric pressure to cnter the 
vacuum accumulstor described below. ‘nile 
the valve is in this bosition, full braking 
pressure is applied to the vchicite brake 
Grums which locks the wnecls. As the drive ' 
train is slowed doun by the braxing action, 1 
the governor collapses due to the force ex- i 
erted by the return Spring and the leck of 
sufficient centrifical force in the governor 
Weignts to overcome the Spring furce. As 

the moveble portion of the governor shaft 
Shifts to Position "B", the rotary valve is 
turned, closing the atmospheric port and oven- 
ing the vacuun port. This allows vecuum to 
enter the vacuun accumulator which reduces 

the brake pressure and unlocks the wheels. 

As the wheels start turning, motion is trans- 
mittee to the governor SheTt and the weights 
shift the movable shaft back to Position "Are 
This accion @épplies full breaking power and 
locks the venicle wheels. The unit will 
Continue to modulate the brake pressure in 
this menner until the Vehicle speed is reduced : 
to approxivately 12 m.p.h. At this speed, 
the governor Weig ts cannot return the valve 
to Position "A", end the electrical circuit . | 
takes over as described below to return full 
braking power to the vehicle, 


- 


2. Electrical System 


Tne electrical System is composed of a micro 
switch, hydraulic pressure suvitch, solenoid 
and reverse disconnect contact. The solenoid 
S constructed with a spring loeéed slunger ; { 
and is normally Ce-energized. This Systen is 
Gesigned to perform the following functions. 


a. Prevent the unit from Cycling during 
normal stops, 


b. Trigger the unit when lock-up occurs, 
Cc. Allow the unit to cycac mechanically 


on hich coefficient of friction road 
conditions, 
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3d. Return full braking, power wacn yovernor 
' snaft seecd is too low to accomplish 
this. 


e. Cy-te the unit electrically on lov co- 
cif cient of friction road conditions. 


f. Prevent unit from cycling in reverse. 


The following are schematic diagrams of the 
system, ; 
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Figure 2 shows the system in the non-activated 
state with the vehicle moving and no breaking 
being enplicd. Notice that the spring loaded 
solcnoid plunger keeps the rotary valve in the 
atmospheric position which allows braking nower 
at low speeds when brakes are apslicd during 
normel driving. The reverse switch 15 closed 
when the vebicle js tvavelins forward or stopped 
and only opens when the vehicle is going in 
reverse, The micro switeh is open during noah 
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Oriving, and braking which prevents the unit 
from cycling. Tne pressure switch is 
normally open and closes only when braking 
is applied. Figure 2 shows the meceninical 
means used to close the micro sitch when 


the brakes are jamacd on. ‘hen the vehicle 


4s moving and the brakes ir immed on, the 
cam gear is moved in the @i tion snown by 
means of the ca:muing actioi, the pin on 


the cam, Tne micro switch trip button is 
gered and the switch closes. 


mentioned above, the pressure switch is 
sed when the brake pressure is anplicd 
0 the electrical circuit is closed. The 

current flowing threugh this circui® encr- 
gizes the solenoid coil and the plunger is 
retracted. Tne solenoid ground circuit is 
completed and the solenoid steys retracted, 
allowing the mecnanic: 1 system to operate as 
previously described even though the micro 
switch opens (Figure 4). 


3 
; # 
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When the vehicle speed is reduced to apnroxi- 
metely 12 m.p.nA., the pressure in the brake 
system will fa11 below the pressure switch 
setting end the circuit is broken. Tne sole- 
noid is de-energized and the spring lozccd 
plunger shifts the rotary valve to Position 
dy (Figure 2), and fvll braking pover is 
returned ‘to the system. On very low cocffic- 
dent of friction road conditions, che pressure 


‘may drop below the switch seteoing curing cycling. 


Waen this occurs, the unit will cycle electri- 
cally off the pressure and micro switenes, 
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B. Perna-Vac Unit 


Tris unit is desismed to perfora the following 
functions. : 


1. Cheek off the brake pedal pressure when 
wheel lock-up occurs, : 


2. Reduce line orake pressure to release locked ; 
! 


wheels. 5 
3. Return trake pressure to lock wheels during . i 
cycle. i 


4, Return hydraulic system beck to normal operat- 
ion after vehicle has come to rest. 


Toere are two varieties aveilable,. One type is 
equinped with a single piston and is used on 
venicles with stenéard type master cylinders. 
f Tne other variety is designed with 2 gual piston 

to accommodate venicles witn Gual master cylincers. 
The basic operating principles are the scene in each 
case. However, tne output pressures anc diszlace- 
ment capabilities are s meunot Gifferent. Tne ; 
single piston unit (Figure 5) will be described. 


When the vehicle engine is running, vacuun enters 
tne transfer valve directly from the engine rani- 
fold as snoun (Pigure 5). t goes shrough an 
opening in the vélve ond enters the ch:mocr in front 
of the spring loaded Giepnragn. Tnis aids the 
spring to overcome the force exerted on the piston 
wanen braking is applied eng prevents the piston from 
retracting to Position "B" until a predeterained 
‘pressure is reuched in the hydraulic system ce 
lock-up occurs. “hen this pressure (check off 
pressure) is reached, the piston will retract, 2llov- 
ing the check valve to seat end thereby jsolating 
the mister cylinder and brexe sec2] from the systen,. 
At the seme time, the Sensing Unit will react to 

- wheellock-up by turning the rotary valve @s de- 
scribed previously, which @llows veeuum to enter 
the rear chamber of the Perina-Voe Unit. Since the 
dicphragm chamber of the transfer valve is teed 
into this line, vacuum will enter the transfer valve. 
and retract the valve. Tae valve will close off the 
vacuum °Loke port and open the atmosnncric port 
exnosing the front chamber of the Perm:-Vac to 
atmonpheric pressure, The vacuuia ~ressure in the 
rear cha;aber of the cam overconcs the sorinyg Toree 
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and the piston moves to Position "hr . The 
movenent of tae oiston #llows Liorke SluiGd 
to enter the cylinder borc. Tac hyéraulic 
brake line pressure 1s recvecd by this 
action and tae wheels ere unlocicd. dnen 
the wheels stert rotating, che governor 
action of the Sensing Unit turns the rotery 
valve whicn allows atuosoneric pressure to 
enter the rear chamocr of the Persaa-Vac. 
Atmofoheric sressure is also allowed to 


enter the diaphragm chaiaber © ye transfer 
valve and the valve is return to its 


original] position by che revurn spring. The 
atmospheric port of tne transfer valve is 
closed and the vecuum port is opened allowing 
vacuum to enter the front cha.acer of tne 
Perma-Vac Can, Vacuum on the front side of 
the can diaphragm and atmossneric pressure on 
the rear side aids the return spring to return 
the piston to Position "A", which increases 
tne brake line pressure anc locks the wheels. 
Tnis cycle is repeated until the venicle has 
come to rest. At this time, the piston returns 
to its original position and unseats the check 
sys 


valve which returns the nydravlic system cack 
to normal. 
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Transfer Valve 

- 
Tnis assembly is Gesigned to regulate the pressure 
in the front cnamber of the Per:aa-Vac Unit. Figure 
G shows tne unit in its normal operating position 
when the Anti-Skid Device is not being utilized. 
Figure 7 snows tne unit during the brake relcasing 
cycle of tne Perm3a-Vac. 
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When the vehicle engine is running, vacuum enters 

the valve from the engine manifold (Figure 6) and 

goes through an opening in the valve and enters 

the front chamber of the Perna-Vac Unit. Tre at:aos- 
meric port is closed as shown, As soon as the 
riaaa-Vac Unit is cycled by the Sensinsy Unit, yacuun 
‘sers the top of the transfer valve (Figure 7) and 
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tne valve is retracted, tiecreby closing lite vacuum 
intake nort and onening the atmospacric wort to 
tne front of tne Persa-Viee Unit. Vanen at.connacric 
pressure is egain applicd to the rear of the Perina- 
Vac, by tae turning of the rotary valve in tte 
Sensing Unit, it also enters tae top of the transfer 
valve. When this happens, the return soring woves 
the valve back to its original position and the 
cycle is completed. Tne transfer vaive will cycle 
in the above manner cach time the Perma-Vac Unit 
cycles. . 


D. Gcar Box, Flexible Drive Cable and Ad or 
These components comprise the mechenical drive systen 


uscd to transmit rotation to the governor shaft of 
the Sensing Unit (Figure 8).. . 
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The gear box (Figure 9) is used to stes-up the 
Suced ratio from the trans:nission in order to 
Gain greater sensitivity in the Sensing Unit. 
When tne rear wheels lock-up, toronue is trons- 
mitted tnrougn the adaptor, geer box and flex- 
ible snsrt to the Sensing Unit. ‘Tnis ection 
triggers tie micro switch in the Sensing Unit 
@s previously described. 
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E. Pressur- Switch 


Tne basic function of this assembly is to break 

( the electrical circuit and return the system back 
to norma) braking status after a panic stoo. The 
unit is constructcd with a small oiston whicn is 
spring, loaded. The piston moves against the snoring 
force when hydraulic pressure is zpplied, thereby 


ooecning, and closing, electric2l contects. The . 
switch is pre-set at the factory and should not be 

re-set in the field. Tne following is a schematic ' 
Graving of the switch, 
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Perforane? C iteria 
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A. Operating Renee | 


the following 


eiened to cycle within 
i and bcotn 


Tne unit 1s desis 
ronges wnen bruking +5 applicsd corupely 
reer wheels lock-up. 
1. Temperature: 00°F to -30°F (*) 
2. Speed: 

a. Moxinun: 80 m.o.h. (**) 
b. Minimum: 10 m.d.n. 


3; Cycles per second: 
1-2.) J78.-2.. pune 
or Ice: 1.3-2.4 


an excess of 12 


Dry Pavement: 


Wet, Gravel, Snow 


4h, Minimum Vacuum: 15 in. Hs. and 
lune of vacuum. 


cu. ft. per minute in vo 


Voltege: 11 Volts D. C. 

(**) Vehicles heve not been tested over tnis speed. 

(*) This information 1s based on tests conducted by 
Perma. mnvironnental tests r “ature 
have not been mace by Singer to Gate. 


ba & m4 —y 
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Applicstion Requirements 


Vehicles must nave: 


llyereulic operating erum type Drakes. 
- o b 


12 Volt D. C. electrical 


Si Speedometer take off at 


y. Rear wheel drive. 


5, Inter eooabustion engine waieh creates 3a 
minimun ot 1% inches of vicuunl end am excess 
of 12 cu. ft, er minute in volvac of vacuum, 
6, Vehlele brake syntea aust be ty, ood condition, 
nroaerly adjusted and bled. 
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C. Tamitestions of Unit 


“ 
1. Steering Control 
2. By steering contvol we mein the operator 

can isineuver the venicle Guring braking 
when trying to cvoid < collision. ‘linen 
stopping, the venicie on tls lane roids 
where straight ctopring is essential, tre 
unit enubles tne operator to stop tne 
venicle within O to 5° with respect to 
the road. 


Tne unit affords steering control on all 
road conditions excent ice. The unit 

will not provide stecring control under 
conditions where: steering control viould 
not be available even without brakes being 
applied due to extremely low road friction; 
centrifugal skids due to excessive nigh 
snecds on sharp curves or nich ecceleréetion 
on slipnery roads. Tnese conditions usually 
occur on wet ice, snow on ice, glazed ice 
and ice on a crowned road, 


b. On mixed road condi’ ions, two right wheels 
on snow or ice and two left wheels on dry 
pevenent, the unit 111 enadle the operator 
to bring the vehicle to rest at én angle 
of O-5° with respect to the road, cenending 
on the emount of correction introduced by 
the operator. 


2. Stooping Distances with Uni 
a, Dry Roed Conditions 
1. 50 m.p.h. - Increese by -.8 to 2n3 
2. 30 m.n.h. - Increase by 44 to 207 
_ »b. Low Coefficient Road Conditions 
&. 1. 50 m.p.h. - Decrease by 0 to 103 


2, 30 m.p.h. - Incracse by 6 to 154 - 
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It is rossible under cert 
to lock-up the waecls wit 
unit. 
"Cooling the unit". 
the bra} 
order to trin tne micro stitch 
Sensing Unit. 
is generally anplied cu 


to apply brakes 
conditions 
is practiced by 
and therefore they must be informed that 
the unit will not cycle under these cir- 
cumstances. 


brakes 2re enplicd, 
prior to rezcr 
of braking 
calculeted 
ing friction is: 450 
piston unit, and 485 
Tnis 
up the wheels, cerending 
condition of tne 
tne failure occurs, 


also voy. 
present design configurstion to be used 
on vehicles 
systeus, 
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3. Ability to Cycle 


Fooling the unit: 


win concitions 
hout crceling 
characteristic is termed 
As stated sreviously, 
cen must be cpplied cbruntly in 

in the 

This abrust oraking ection 
ine emergency 
@rivers nave teen cold 
slowly on slinoery road 

to avoid wheel lock-up. This 
most experienced drivers 


This 


twee 


However, 


Loss of vacuum: 


The unit will not cycle if the vehicle 
stalls or a loss of vacuun to tne unit 
occurs dte to nose breakage or excens 

leakage in the vacuun systen 
loss of vacuum occurs 


ve 
of the unit. 
before the 
Guring a cycle or 

tine eneck-off nressure, 
nower will result, The 
pressure, dGisrcgée rée- 
o.S.i. for a single 
p.S.i. for a dual 

may or may not lock- 
on tne specd and 
brake linings at tne time 


OLar 


1ingy 


available 


1AG 


pressure 


7 


Malfunctions due to improper settings, 
failure of components or brealagse of 
electrical circuits are Giscusscd in 
éetail in Article III (Trouble Shooting 
and Renair). 


Tne unit will function only on those 
venicles 
Adanting 
the official list must be 
that 


each vehicle and design recuiranents 


officially prototyned by Singer. 
the unit to vehicles noe incluced 
dincourayed, 
braice systems react differently 


Under no circuastrncees is tie 


cquipped with dise tyve brake 


an eae 
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Be [Px 131, p 15] 
gi , rn ; 
1 ge ies - 15 - 
Sire 
4. Road Test for Cycling 


a. Norm) Braking 


With a vehicle speed of approximately 
30 m.p.h., apply gredual obrexing as is 
normally done when stopping in traffic 
or a light. Tne unit should not cycle 
when this is done on dry road conditions. 


b. Emergency Braking 
Wit. a vehicle speed of epproximately 
30 n.p.h. on ory road conditions, apply 


the brake abruptly. Tne unit should 
cycl> ina pattern as snown. 


4 ee Maes? wrlete= 


= gRIP MARK me MHaECS 
| ae ee og =~=- en a 
to bee A p Ree dae ae eres = 
| 2 : P 
i ¢ 
RT as See oe ee oot, jerk Lo 


Notice that the length of tire sid rarks 
and the distance between marks Giminsh 
as the vehicle speed is reduced. The 
length of these pulses are a function of 
road coefficient of friction; tire con- 
dition, weight distributicn and otner 
variables. ‘Snerecfore, they will vary 
between different runs or stops end 
vehicles. 


After the vehicle hes cone to rest tne 
system should return to norral braking 

3 condition, Fart (a.) should be repeated 
to check this feature. 


When snow or wet pavement is available 
tne above checks should also be sade for 
these road conditions. Discretion should 
be used in chosing the test specd. 


(PX 131, p 15) 
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rae (or 


ec. Mininun Cycling’ Speed 
“ 
At a speed of 10 m.n.h., apnoly the 
brakes abruptly. Tne unit sould 
cycle. If this is done on dry road 
conditions, one sulse mey only occur 
and it will be eifficult to determine 
whether or not tne unit actually 
cycicd. Tnerefore, it is suggested 
that this test be 2de on gravel wnen 
wet ro2zd conditions, snow or ice are 
not available. 
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PLAINTIFF'S EXHIBIT 132 


Pid - 132 


‘ 
10W “ 
2 . 
Equacions of motion are derived by the method of. LaGrange: 

+2 km ag? +S Cha 0}? 
Kinetic Energy ™ T ™ & (My + M2 + M3) 4° * 1 492 1 9% 

+ 19 02? + Ty 037) 

% 4 Ke (qe + 004)? 

Potential TEnergy ™ ve Ky (ao - 00,)* 5 Kg 492 l 

‘ Q aoe 
Damping Potential = D™ Cy (42 2 8 6,)? + 4 C2 (q2 + b9)) 

! 
5~ 68 

— (PX 132, P 1) 


Scale oe - (PX 132, p 2) de an ae | 


Coordinate reference is the equilibrium position; thus grovitaticasl 


potential crergy cocs not appeor, . 
9 

5 Cee ee ees And Fan, 
Translational kinetic energy 15 lumped in the ¢) ccoordina-c,- nus, 

yo siall relsiive fore and aft motion of the unsprung messes 5 mneglcetes aere. 

P o 

vais was justified ct a much earlier date by digital computer compcr.son oO: bota 

J r 


S ‘x7 | ee Si Ss) ®. 
oe Py eae ae ee Cy 
Re * bi) J% é IQ: 
= ( tea “8 CB + oY 2 = 
where yi ihe sralieed fc > Xe ordi Th of p have 
mere Qy 2s gencralizca force in q}> coorcinate, erefore we nave 
(MM tH, G, = 7 (py * Fp2) Eq. (1); 


. © s iin _ | 
My &3 + 4) (42 * aG}) + Kg (a2 + b6,) + C) (q * a6;) + oy] (eo + Dey 
; i 


1; 6) * Xb (q, + b0,) - Ky @ (qa 7 a 6,) + cb (49 ‘+ bB)) 


; ? 


-C, a (fy - 20;) © wie (T, + 7) + (Fg, + Fy2) (qy + HCG -r) Ec. (3) 


wrcve HCC is static height of M, ¢.é. above ground, and yis wheel rolling 
lp Cye- Ty + Fpit F 7 Eq. (4); 
I, 6, - T2 + Fpe2t Eq. (5) 


In the above equations, Fei “ gE; where Aly = Ae, yi? witha 


. fo e 
1 A ae oe ” ci x83 and F, and Fy ere the norms) rose 


4) 4) 
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PLAINTIFF'S EXHIBIT 133 


NUMERICAL CONSTANTS USED IN VEHICLE 


SIMULATION 
Curb weight 4633 lbs. 
Front Unsprung Weight 242 * lbs. 
Rear Unsprung Weight 388 lbs. 
CG Location from Center Line 47.6 inch 
of Front Wheel 
CG Location Above Ground 22.2 inch 
Pitch Moment of Inertia 2912. ft lb con 
Front Ride Rate 226 lb/in 
Rear Ride Rate 246 lb/in 
Front damping Jounce 2.58 lb/in/sec 
Rebound 6.45. lb/in/sec 
Rear Damping Jounce 12.6 lb/in/sec 
Rebound 20. lb/in/sec 
Wheelbase 117.2 in 
Rolling Radius of 1.152 ft 
wheel 
E-691 (Px 133, p 1) 
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NUMERICAL CONSTANTS USED IN VE} 
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(px 133 A, 


SIMULATION 


Curb weight 
Front Unsprung Weight 
Rear Unsprung Weight 


CG Location from Center Line 
of Front Wheel 


CG Location Above Ground 

Pitch Moment of Inertia 

Front Ride Rate 

Rear Ride Rat 

Front damping Jounce 
Rebound 

Rear Damping Jounce 
Rebound 


Wheelbase 


Rolling Radius of 
whee) 
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p 1) 


1ICLE 


tbs. 
lbs. 
lbs. 


inch 


inch 

ft lb sec 
lb/in 
lb/in 
lb/in/sec 
lb/in/sec 
lb/in/sec 
lb/in/sec 
in 
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PLAINTIFF'S EXHIBIT 135 


Numerical Constants 
Simulation of 


Perma Anti-Shid Device 
set ANEI~SKia Levice 


at which governor weights fully extended 
Source: ~Singer Document entitled 
"Anti-Skid Control", dated May 7, 
1965, (p.P.E. No. 456) 
Spring Rate in Sensing Unit- 
Distance 


Load 
Source: Drawing 105B 


of governor weight link 0.53 inches 


Source: Drawang 104B 


Weight 
Density 
Height 


Middle hole 
Source: Drawing 103B 


of Weight and link 


Source: Drawing 146 


C.m Gear 
Operating threshold . 0.92 g's 
Time of operution 20 millisec 


Source: Draving JOlL 


LPs 23530. 49 
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[PX 135, p 2] 


Solonoid Operating time 30 millisec 
Source: Past experience with 
similar devices 
Movement of Rotary Valve 
Source: Measurements from 
hardware 
Activator Response time 30 
Source: Past experience with 


similar devices 


Pressure Switch Settings 


Source: Computed from settings 
in D166 modified to reflect 
differences between 1964 and 
1968 vehicles 
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for its intended pur - 


! interface phenomena, 4, Provige data of convenie 
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J to have a teszorch cicnt of friction et differemt percertes 
under test. 


5. Require a minimal expenciicce of ti 


ical 
studies. 
r " + , 
1 nt by many 
maintenance and repair. 
G. Include accesserics 
used as a dats gathering devicc 
97. Provide inaximum Nexioility 


research dictotes. 
BASIC SYSTEM 


The GMI'G M 
sists of a specially fabric 
1967 Cheviolet pickup tevek (i 
as a control and dia readout con 
With this systeia, shit rosisione 
F plisued Sy beating a tesalce tite (5) 
road Cor sad peeont, = VATOUS parameters We 
the final eutvot p, of brohkiag €o 
filon thickness, aceepted vobig of this tite sort be 
surod with a towed, O-wheel velitel 
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sida [PX 136, Pp 1) 
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If only one 


1 ahead 


head of 


cach t t ification f acer film 


thi t u t S, is 0,020 2 95 in By 


u ( ly $ t If system meets this 
specif n t ! yheels. Verification 
\ f by analysis oft iovies and mass 
f) ‘ t t 

Ct ) d ine ace ties have been 
built i trailor t its ti } flexibility 
Si . tious | lo froquent tits 
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il trailer tonguc 


vertic 


axial loads, it is integrally niounte 
in the tongue 


TRAILER AXLE, NOTATIONAL VELOCITY - Thet $ 


ducers used to determine Uc individual cogular vel f | 
cach trailer wheel are paoteclecisic pulse 5 tor { 
puls v.) mnounted in thet fifi axle housing of 
trailer, ‘Th provisl i leaps outpai, the f 
quency of which is dircetly proportivaal the rot 1 
velocity of the axte shaft 
biF TI pico The trans! nidtos 
Voliic spect isa fiftiast 1 pice va { 
teolvitad th ls itt r clin fit l 
wheel provides two outniis ad-c vollige | ti it 
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Transportation—Land “ 


No. 699. Motox Vi.nict+s—Summauy Statistics: 1950 to 1972 
(Fachudes Alaska end ilawall, except es noted] 


nex wso | sss | asco | aves | ancy | avo | ase | anv 


ecnarrace! 
Passenger car factory sales 1,000 


edo wlan 1,000 
2-dowr sevens, coaches and coupes! 
! 


GaL£5, KEPOrTS, tHrORTS, AND | 
| 
| 


3 door and 4 door “hind-toms” 1,000 
Coutertith, . (eacept “hard ayy’). 1,000 
Btation wagons! 5,000 
Chowis 3,000 
Truck sud tus fic tory sales... 1,000 


Passenger curs (new), eaported * 1,000 
Passenger 213 (new), Linported 1,000 


Eaports mil. dol 
Passe..ger cars (new) mil dol 
Tres bs ard buses (new) mil 6 
Rubber tire Jib nut ge 
Parts ond occess. (vel used veh) 

mil. dol 

Imports of new porsenger cars... mil dot 


Vehicles scrapped t* 1,000 
Passenger ¢urs#* . 4,000 
Trucks end buses? 3,0v0 


PARTS AND CHUL HICAL SHIPMENTS 


‘Tires, passercer cer,’ toral mil 
Orighrel equipineut neil 
Keploc “ mil 
Espot mil 


us 
==¢ 


3 ~ 


Tires, truck and bus! worst mil 
Origtusl equipment mil 
Keplacement mil 
Pape mil 


eRe 


Replacement sutonot'le batteries * nil 
Besled beatin binips mal 
Ouher sutomotive limos! mil 
Aativrecte * mil 
Meaty duty brake Mois © mil gal? 
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Vederal excise bit. dol 
State mytoe vil cancer receipe bal dol 
Suate mows fucl, ver Lib dol 
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PLAINTIFF'S EXNIDIT 142 


1 Lites QITATION 
| 
| 


After viewing all available copies of the pre- 
ceding page, counsel for Appellant believes that the "Note" 


at the top of the page thereof reads as follows: 


"NOTE: 
MATERIAL (HQS?) IRON 
HEAT TREATED 
DENSITY 70-74 GRMS/CC 


GEAR DATA 
NUMBER OF TEETH hn ha ae: 
(?) DIAMETER 
(?) PITCH 
OUTSIDE DIAMETER 
(?) DIAMETER 
(2) vie. (Re 
(?)... THIS GEAR TO MESH WITH 
(?) GEAR PERMA PART NO LESS 
WITH GEARS PLACED IN A FIXTURE 
(?) THEM ON A (?) CENTER DISTANCE 
A TOTAL OF .006 BACKLASH MAY BE 
PRESENT 
WITH COMING OPERATION CAM (?) RISE ON EACH 
SEGMENT WILL BE BUFFED AND POLISHED TO A (?) 
FINISH yen 
AFTER COMING OPERATION LIGHT (BURNISH?) 
TUMBLE" 
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SINGER 
3) = INA 30 Rockefeller Plaza, New York, N.Y. 10020 


ANNUAL REPORT FOR 1965 


. Cc Ss | I NS 
Directors CHARLES F. BRUDER H. NEAL KARR DONALD G. ROBBINS, JR 
STEPHEN C. CLARK, JR DONALD P. KIRCHER PHILIP R. SAMWELL 
GILBERT W. FITZHUGH MILTON C. LIGHTNER ROBERT W STEWART 
WALTER S. JOHNSON ARTHUR E. PETTIT JAMES A. TRAINOR 


Officers DONALD P. KIRCHER, President EDWIN J. GRAF, Vice President 
RALPH P. BENN, Vice President NEWTON H. HOYT, JR., Vice President and Treasurer 
CHARLES F. BRUDER, Vice President H. NEAL KARR, Vice President 
HERBERT BURCHILL, Vice President HENRY W. MANVILLE, Vice President 
HAROLD R. CRAWFORD, Vice President DONALU 0. MARSDEN, Vice Preside..t 
ALFRED Di SCIPIO, Vice President ROBERT E. PEQUIGNOT, Vice President 
GEORGE A. DOWNSBROUGH, Vice President DONALD G. ROBBINS, JR., Vice President 
ALAN W. DREW, Vice President ELLIOTT E VOSE, Vice President 
DAVID A. GRAESSER, Vice President ANDREW J. REINHART, Controlier 
LOUIS L. PETTIT, Secretary 


Financial Highlignts ANNUAL MEETING 

The Annual Meeting of Sharenoiders of the 
Company will be held at The Plaza Hote 
1965 Operations 768 Fifth Avenue, New York, New York, or 
Thursday, April 28 at 10:30 a.m 


President's Letter 


Products for the Home 


Business Machine Products TRANSFER AGENTS 
Bankers Trust Cornpany, New York, NY 


Crocker-Citizens National Bank 
San Francisco, Calif 


Registrar and Transfer Company 
Personnel and Organization lersey City, N. J 


Products for Industry 


Research and Development 


Financial Review REGISTRARS 
nan j Morgan Guaranty }rust Company of New York 
Financial Statements Yorn NY 


Notes to Financial Statements The Bank of California National Assoc atior 
San Francisco, California 


Five Year Summary Commercial Trust Company of New Jersey 
Jersey City, NJ 


The Cover 7 never Center opened at Now 
York's I ‘ enter last summer provides 
@ plitteriys te me for the household prod 

wy in the United States 
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THE SINGER COMPANY AND CONSOLIDATED SUBSIDIARIES 


Financial 1964 


Highlights ‘eres. 
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The volume of the Company's business continued to grow at 
a good rate in 1965. Consolidated sales increased for the 
yentt ecutive year, reaching $979.8 million, the high 


est point in history, and representing an increase of $83.6 
million, or nine per cent over 1964 


nes for the year 1965 were $44.5 mil 


ho r $4 03 per share, a decrease of four per cent from the 
record earnings in 1964 of $46.5 million, or $4.19 per share 

In 1965 sale reased all major geographical areas 
The largest ga was in the United States where sales in- 


creased by 14 per cent, whereas sales abroad increased by 
sser rate of sales growth abroad was 

f operations in Europe, where sales 
were only very slightly above the level of 1964, principally as 


are t of the slackening the rate of economic growth in 
t Europea trie ind the arket disruptions caused 
by these new conditions. On a w e basis, sales of all 
najor product line with the exception of industrial sewing 
products and instrumentation, increased significantly 


Perhaps the most important marketing achievement of 
urred inour ll! S. scale 

creased by 14 per cent reaching the 
highest level in history At the same time imports of competi 


tive rmachines, which is our only reliable indicator of com- 


s of household sewing ma 


chines Unit sales 5 


etitive sales, declined. Imports from Japan, which com 
sed 95 per cent of total imports, declined by one per cent 
and those fr Europe by ten per cent 
In the aggregate, failure of net income to keep pace either 
with th x-year trend or with the increase in vol 
umne in 1965 was attributable to a large decline in earnings 


previous 


trom European operatior The impact of declining growth 


st European economies upon market conditions 


March 18, 1966 


in most of our product lines was severe. Sales were generally 
sluggish and profit margins markedly lower This situatior 
was COmpounded by serious production and labor difficuitie 
at Clydebank Factory in Scotland. These European problems 
were not all environmental. The decline in profitability re 
vealed weaknesses in our own organization which had not 
been evident under previous boom conditions. Quite drast) 
changes were made in management, in organizational struc 
ture, and in operating methods. Many of these changes were 
mae early in the year as soon as the trend became Clear 
In *he latter months of the year the effect of these changes 
began to be felt and earnings improved somewhat. The in 
provement has continued in the current year 

The results in Europe were partially offset by improved 
earnings in the United States, in Latin America, where there 
was an excellent recovery in the second half of the year, and 
in Africa and the Nez. cast 

No significant acquisitions were completed during 1965 
In February of 1966 we contracted to purchase for approx 
mately $16 million in cash a majority interest in Friedric 
Schwab and Company, the third largest mail order company 
in Germany. Schwab currently has annual sales of about 
$110 million. In addition to an extensive mail order business 
in Germany, Schwab operates in that country a chain of 
about 40 sn-all retail stores and four department stores. The 
transaction is scheduled to be completed in the second 
quarter and is subject to a comprehensive audit. A number 
of other possible acquisitions are current'y under study and 
some are in the negotiating phase 

vA icc year a new operating Division was created which 


t 


c 


brings together under single divisional contro! the US 
marketing, production, and procuct developme™? activities 
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imer products. The new D 
s the Consumer Products Division, will thus 

have ur f asponsibility for these product lines in the 
United States fron » product development phase through 
manufacturing and the ultimate retail sale, service and 
financing to the consumer 

At the end of the year a similar step was taken in Europe 
which placed under single divisional control the marketing 
activities conducted by the European Division together with 
consumer products manufacturing operations in Continental 
Europe. This move virtually completed the program to inte 
grate the manufacturing functior throughout the Company 
with the primary marketing and other functions 

in the manufacturing field an expanded corporate staff 
group wi fe CO ination, technical direction, and as 
sistance the various operating divisions, In view of the 
seriousr of the problems at Clydebank Factory, a Vice 
President of the Company was appointed Managing Director 
of the factory early in 1965 and this executive reports di 
rectly to the President the Company 

in August, the Company's total activities i: the electric 
heating and air conditioning fields were consolidated to form 
a new Climate Control Division with headquarters in Auburn, 
New York. This Division incorporates the operations formerly 
conducted as the Electromode Division of Friden with those 
of Remington and Easy Heat/Wirekraft, two Companies ac 
quired in 1964. The Climate Control Division, while not yet 
large in the context of the total Company, 's nevertheless the 
most rapidly growing operating division in the Company, and 
it has a bright future 

In connectior >. Government's voluntary pro 
gram relating to lance of payrner's, we were able to 
achieve during the year a good result in terms of the net in 


flow of dollars from those international transactions which 


were subject to the vo 
j 


intary program. In fact, our perf 


ance exceeded somewhat the targets for the Company. The 
scope of the voluntary program has been € xpanded for 196¢ 
and particular emphasis is being plac ed by the Administra 
tion upon restraint in the field of direct investment 
oped countries. The impact of this program upon the Com 
pany in the current year 's not yet precisely clear, but we 
do not expect that any substantial modification of cur plans 
or programs will be required except to the extent of greater 
than-normal foreign financing of pro,ects abroad 

Early in the current year Max L Waterman retired from the 
Board of Directors. Mr. Waterman had served as a member of 
the Board since 1949. He retired from <ctive employment in 
1960 at which time he was Vice Presic» xt in charge of Re 
search and Development. Mr. Watermé * advice and cour 
sel as a Director have been valuable “ver the years 
“4arch 10, Gilbert W. Fitzhugh, President of the Metror 
Life Insurance Company, was elected a Director t { 
vacancy caused by Mr. Waterman's retirement 

During the year the Company continued to purchase it 
own shares to be available for use under the employee st 
purchase and stock option plans and tor futu’ 2 acquisitions 
These purchases have continued in the current year. At 
March 11, 1966, there were 567,935 shares hel 
treasury. At that date outstanding shares totaled 10,665,780 

The quarterly dividend was increased from 50 cents per 
share to 55 cents in the first quarter of 1965, and this rate 
remained in effect since that time The dividend declared on 
February 10, 1966 was the 390th consecutive dividend paid 
by the Company. At the end of 1965, there were 32,323 
shareholders, an increase durit.g the year of 4,352 

in 1964 we determined that the increasing size 
sity of the Company required a more formalized 
long-range planning than had previously been in effect 
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years. Since 1958, the year 

th and change of the enterprise 
effect, our sales have doubled 
ave more than tripled. The 
ng program is intended to aid 


and earnings growth of the 
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1965 sales of products related to 
$414.45 

total Company sales in 1965, whereas 
the Company total 

During the same period, sé Ime 19 § ts other than those related t 
has grown through acquisitions (inciudin 27) and interna! development 
$29.9 million to $445 miliio 45.4 per cent of the total as compared with ¢ 
seven per cent in 1958 

in addition to household and industrie 2 machines, the major produc 
f the Comp.ny today include bus f hines, textile machinery, instrumer 
neat 1d air conditioning equipment and a wide variety of household applia 
Compara sles in 1964 and 1965, stated in terms of market ser.ed, are shows 
below 1964 


(Arnounts in M.Ihor 


PRODUCTS FOR THE HOME $588 0 
BUSINESS MACHINE PRODUCTS 38.3 116.3 
PRODUCTS FOR INDUSTRY 8.7 1919 

TOTAL $97: $896 2 


Worldwide sales of consumer prod su 5 arnounted to $642.8 million 
mately 65 per cent of consolidated sales. ir addition to sewing machines and re 
merchandise such as fabrics, patterns and notions, principal products for the hon 
include floor-care and home entertainment equipment, refrigerators, washing 
chines, kitchen ranges, knitting machines ar 1 portable electric hand tools 
Sales of products for the home by geographical area were as follows 

a 1964 
(Amounts in Mil ions 
United States $234.4 $2126 
Europe 176.1 177.8 
Latin America 94.7 737 
Far East 75.2 70.5 
Africa and the Near East 413 35.4 
Canada 21.1 18.0 


Totai $642.8 588 0 
These results represent an improvement over 1964 of ten per cent in th 
States and nine per cent in the rest of the worid. Sales of household sewing product: 
totaled $454.9 million as compared with $433.3 million in 1964, an increase | f five 


} 


per cent. Sales of other products for the home increased 21 per cent 


[PX 144, p 9] 


[PX 144, po 10] 


UNITED STATES Our consumer products business in the United States ¢ 
record-breaking year in 1965, with sales increasing by more than ten per cent ar 
earnings also significantly ahead of 1964. Both manufacturing and marke ting activ 
ties contributed to the improved results 
Most of our U. S. sales of products for the home are made through our 
of retail outlets. At year end, 1,897 such outlets were in operatior 1.456 Come 
operated Singer Centers; 52 leased departments, principally in major Gepartr 
stores; and 389 1ger-approved independent dealers. As part of the Compa 
tinuing program to strengthen its distribution and improve the quality of 
operations, 213 new outlets were opened during the year and 226 were closed 
A significant accomplishment during the year was 4 14 per cent increase 
sales of new household sewing machines. This established an all-time record 
unit sales of Singer sewing machines in the United States. The gain resulted 
broadened and improved product line, coupled with an aggressive marketing pr 
aimed primarily at increasing the Company's penetratior of the medium and 
segments of the market. At the same time, we successfully maintained 
position at the high end of the line 
During 1965, three new “Touch & Sew" sewing machine models were nt 
incorporating many additional features. Among the more important was the 
of a chainstitching capability, making these Singer machines the first and 
machines to do all three kinds of sewing: straight, zig-zag and chainstitch 
Our program to add fabrics to Singer outlets is continuing to expand, with 
fabrics volume exceeding $10 million. Further gains were made in sales of suc 
accessories as patterns, zippers, buttons and thread In the United States s 
hundred Singer shops now carry fabrics, an increase of 73 during the year Eni 
in 1966 will continue to be placed on fabrics of better quality and variety espe 
loomed for Singer, and on special promotional! fashion events 
Another noteworthy development during the year was the emergence of home enter 
tainment equipment as a major consumer product line second in importance only tc 
sewing machines. Sales exceeded $22 million and increased by more than 33 per cent 
largely attributable to the results of the KLH company in Cambridge, Massachusett: 
KLH sales of superior quality sound reproduction products have tripled since the year 
prior to acquisition, with earnings growth more than keeping pace. Our consistent 
succe:s ith home entertainment equipment identifies this as an area in whict future 
growth opportunities appear attractive 
Production at Pickens, South Carolina, of portable electric hand tools for Sear 
The Singer portable stereo phonograph has 
proven a favorite of Young America and is an 
important part of the Company's $22 millions 


sales of hore entertainment equ pment in the 
United State 


The 
available 


ing st 
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continued to ex ( 2 are Now 5] ? ds t ging fre 
drills to hedge trimmers. Upright va r > f private labe 
being produced in the factory at Ander 

In June, egreement was rea hed with af 0 e 1 apanese man 
and exporters of household sewing macn 5 settling all outstanding 
from the anti-trust suit filed against the Company by the Justice Decpartment 


Five damage suits filed by companies and individuals who were n yt 


parties t 
agreement are still pending at these claims witli be disallowed 
or otherwise disposed of on sis th not have a significantly adverse effect 


upon the financial positior he Compar ts business 


EUROPE During 1965, there we ther slackening in the pace of ecor 
in the principal Europes ‘ flex spon the market for 
durables was partict ly sever and 4 ny ons were compounded 
controls and credit fed ce ( Our sales of cor 
products in Europe dec 
nistrative 

earnings were 

Great Britain onor as troubled thr the year by currency problerr 
rising prices, lagging F tivity and mo " | costs. Measures adopted t 
restrict Consumer sf ing had 5 tly ¢ se effect upon the sale of me 
handise throug J Y f ( entres in the United Kingd 

Price controls and curt jit ynce held the economy to its lowest rate ot 
growth ina nt 4 rs pecial Sig » to our business, which is heavily 
Jependent on y : s down payment requirement 
Despite tt x J t ment ir lume was noted in the fina! quarter of 196° 
and in the early 


In Germany JS! ‘ ditions were generally good, ou, difficulties were 


largely internal, r shortage Our German marketing 


organization has on strengther j istribution is being broadened to! 
a larger number of | j af f » acquisition of Friedrich Schwat 
Company ) te 0 pro f potential for sales growth The 
ward trend of our mar in ines \ Ge ; been arrested and we are 
fident that it ce , ] rut ry, which exports a 
portior ‘ $ gm ’ productior vad a good ar 

quarter, it began F t " f automatic Zig Zag 


for sale throughout Europe 
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The economy of Italy, which was the first major Country to be affe y the é 
business slow-down in Europe, . peared to be regaining some 17 n tt 
part of the year Monza Factory began production ate in the year of a new 
inexpensive zig-zag machines for sale in Italy ar 4 for export to many other yrket 
in spite of the general downward economic trend, sales of refrigerators which are 
produced at our new Domowatt facility, near Turin, increased substantially We 
continuing with an expansion prog “arr at this location which will add 4 00,00 quare 
feet to the present plant. Automatic washing machines will be produced at Domowatt 
in 1966 
in the Scandinavian countries, sales held up but profit margins were lower. The 
Benelux nations showed little improvement Results in Spain and Portugal were ade 
quate, but an inflationary trend clouds the future outicok. In Greece we had a £000 
year, but government regulations pre vented remittance of earnings 
Operations at the Company's largest plant in Clydebank, Scotland, res sited 
substantial net loss in 1965. Severe production difficulties were experienced the 
second and third quarters, dive in part to the failure of unions and employees t 
recognize the need for both increased productivity and improved quality These diff 
culties reached their apex during the period when a new series of house! 1 Sewing 
machines was being brought into production Also at the same time product f 
industrial sewing machines was being realigned and expanded. By the end of 1% 
production and productivity had impre ved somewhat and early 1966 results indicate 
further improvement 
: The general economic outlook in Europe remains uncertain However. througt 
; careful control of selling and administrative expense 1 improved production ar 
distribution, we expect to reverse the 1965 trend of o siness in the current year 
, 
LATIN AMERICA Sales of consumer products in Latin America were 28 per cent higher 
in 1965. Net income was sharply higher with all of the improvenent occurring Ir the 
latter half of the year. Better economic conditions and greater currency stability in 
number of countries, coupled with our stronger field organizations, were major fa 
Shop Mananer Je Rodrinuez of Caguas, — tors in the improved results 
Puerto Rico, adjusts a dressmaker’s sewing c - ‘ e c ; 0 
nine Sales of household sewing products, which account for two thirds of our tota 
consumer volume in Latin America, were somewhat higher Sales of other products f 
of Sie sired niyo afer cies "the home, such as kitchen ranges, refrigerators, television sets, knitting machine 


and portable typewriters, rose significantly 


all male audience 
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2 Brazilian governme 3 i ¢ > sl in reduc 
urrency and stimulating jerate re ry from the recess 

of the year. As a result, our earning oved materially. In the ia 
a new mode! sewing machine was introduced which had a favorable e 
results. The sewing machine fact |, largest of the five product 
in Latin America, ts gradually being re-equipped and a new gray iron foundry wi 
into operation during 

In Mexico our busine C to despite some hesitation in the na 
economy during the middie of t ) Mexican factory is being tooled t 
more of the parts presently purchi 1 from local suppliers. Our operatior 
Venezuela and the Centra Car u 5 a flourished, establist 
records for sales and earning rf : of o manufacturing Capability 
Colombia, largely completed during 1965, makes our abi ity to supply that inportant 


market more secure than in any recent year 


FAR EAST Sales of consumer products in the Far East were about $5 n higher 
than in 1964, due primarily to good increases in Japan, te Philippines, Thailand 
India and Ceylon. Sales in Australasia decreased slightly as a result of tighter credit 
and increased competition. Our operations in Indonesia were placed under government 
cor trol in May 

Although the Japanese economy failed to maintain its rapid growtt 
several years, Our business in that country heid up wel largely as a result of i 
ments in our product line and further expansion of our distribution network. Sales were 
excellent in Pakistan as well as India in the first half of 1965, but the war whi 
in September had an adverse effect on our results in both countries for the balance 
of the year 

Efforts to diversify roduct lines, where appropriate, have made stez 
with refrigerators, knitting machines and air conditioning equipment a 
the bulk of the improvement. In ihe Philippines, initial distribution of smal 
tural tractors has been successful 

Earnings in the Far East decreased somewhat from the levei achieved in 1964 
principally reflecting results in Australasia and Malaysia, and to a lesser extent Taiwar 


and indonesia. Political unrest contributed to the decline in Malaysia 


vere responsibie tor a loss in Taiwan, where we re-entered the marke 


3s lapse of 25 years. Our sewing machine factory there 1s now /n full operat 


sales effort is being intensified The loss experienced in indonesia was rela 


since nationalization had been anticipated and our operations reduced 
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The plants in this part of the 
cal assembly 
available capacity have added r 
household and office furniture 
In spite of unsettled politi 
nomic problems elsewhere 
improve during 1966 


AFRICA AND THE NEAR EAST 
the Africa and Near East territ 
and political situations. Fortur 
frequently offset by 
a drop in sales in the Sudan, Turkey ar 
was more than overcome by sut i ime Su n Southern 
Africa, Ethiopia, Libya, Lebar anc e Tr ‘ r tne territor 
sales and net income rose 
Sales of household sewing du slig or n 1964 
products for the home, s 
and television sets, ro 
New factories were ( 
reduced sales, and at Nairot 


territory. Both new plants wi 


CANADA Aided by favorable ex 
and an aggressive marketing prograr 
and our share of the sewing machine 
An important innovation during the yea 
ing of home entertainment equipmer t 
in most of our Cana n retail outlets. This lowed suc 
this type of equipment in 1964. The addi f home entertainment equipr 
existing line of sewing machines fic nent, typewriters and sr 
ances, enabled us to increase Sales jume per store substantialiy. We 
159 retail outlets in Canada. During th ar, seven new stores were 
suburban shopping centers and 18 existing retar itlets were refurt 
are being sold in 23 of the larger stores ar 1 we plan to increase this © 
The new product lines, together with continued er phasis on our tradit 


product business, should contribute to increased sales and earnings ir 196¢€ 
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Business machines produ 
mark, accounted for 1965 


represented another recorc 


consolidated sales. Net incor 
due to continued high costs 
expenditures for research and 
both geogranhically and among 
an 18 per 

in 1965 


machine revenue 


nt increase. Sale 


calculators 


the remaining 32 per c 
ice inconre 


The Model 132 electrome cal 
the speed and quietness 
puter with the simple put 


flexibility of a mechanical desk top 


data processing equ 


reased but by a 
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va 


s elsewhere 


and 


nt was | 
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alc vulator 
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pany, largely under the Frider 


on. This was a gain of 19 per 


machines now amount to 14 per 


mewhat smalier per 


xJucts together with 


t. The sales increase was wel 


S. sales were $96.5 7 


were $4 ~ ilion, a gar of 22 per 


39 per cent of toia 


counted for 29 per 


masiroom equipment 


The Mode/ 2201 Flexowriter a at 
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Sales of business machine products by geographical area were as follows 
1965 1964 


(Amounts in Millions 


United States $ 965 $ 821 
Europe 28.8 22.0 
Other 13.0 122 

Total $1383 $1163 


Highlighting 1965 operations in the business equipment field was the introduct 
of seven new Friden products which reflected the increased emphasis being give 
research and development 

In the daia processing field there were three new products 


+ Mode! 2201 Flexowriter automatic writing machine provides greatly increase 


programming flexit ility to meet requirements of source data automa 
*« Mode! 5015 Computyper electronic billing/accounting machine with auxiliary 
tape punch offers faster, more versatile processing and expanded capability for 
simultaneous collection and storage of source data 
e Model 2201 data transmission network makes possibile on-line data trans iss/or 
between remote locations 


The adding machine and ca lator group introduced four new unit 


e Model EC 132 electroni aiculator, a move sophisticated version of the Mode 
EC 130 introduced in 1964, provides larger processing and storage capacity j 
~ the capability of calculating square roots automatically and instantane y 
e Mode! 1901 entry counter, an optional feature for Models EC 130 and 132, give 
a control count of numeric entries 
e Model SVE rotary calculator features exclusive fully automatic short-cut multi 
plication 
e Model 0105 adding machine has a special type style which enabies the tape t 
be read by an optical scanning device 
Outside the United States substantial progress was made in increasing Giect d 
tribution of business machine products. We acquired the businesses tf forme 
distributors in Canada, Italy and Australia, and further efforts were made tu expand 
benbeyp cub udy vutomatic’ postage 2 the distribution of business machines through existing Singer sales organizations i 
€ acs € ai er , Africa, the Near East, Latin America and the Far East 
ee Po ee ee Vigorous marketing efforts and emphasis on creating desirable new products should 
0 Aristerdarr june make 1966 another record year for the Company in the business machine ft 
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17 
in 1965, sales of industrial products were 12 per cent Nignher than in 1964, totaling 
$198.7 million and accounting for 20 per cent of consolidated sales. Principal ind 
trial products are sewing machines and allied equipment, textile machinery, instru 
mentat'on, and electric heating and air conditioning equipment 

The geographical distribution of industrial products sales is as ‘ollows 
1965 1964 
(Amounts in Millions) 
United States $139.4 $1llo.7 
Europe 32.2 35.6 
Latin America 10.7 8.7 
Far East 7.6 7.2 
Canada 5.1 44 
Africa and the Near East 3.7 44 
Total $198.7 $177.0 
At the end of 1964 the Company disposed of its interest in Thurso Pulp and Paper 
Company and certain other associated , ‘operties in the Thurso area of Quebec Dur 
ing 1964 these activities contributed sales of $14.9 million which, for comparative 
purposes, have been excluded from the 1964 amount shown above for Canada 
INDUSTRIAL SEWING EQUIPMENT Worldwide sales in the industrial sewing equi 
ment field in 1965 were $79.9 miilion, approximately the same level as in tne prior 
year. Higher volume in the United States and Latin America was offset by declines in 
Europe, primarily in Italy and France 
With the completion during 196£ o%f the transfer of industrial sewing machine 
production from the factory in Bridgeport, Connecticut, to plants in the United States 
Scotland and Germany, significe nt cost improvements are expected. In addition, pre 
grams have been instituted to make our factories more responsive to market condi 
tions. In order to reduce ou: costs on certain low volume machines, we are now 
producing three types of overedgers and a highly complex buttonhole machine at our 
factory in Japan 
Twenty-two new varieties of industrial sewing machines were successfully brought t 
market during 1965. In addition, large curing ovens for imparting a permanent shape 
Singer teat h y h as th 7] 
purpose kidbay tine, protic es non woven 
fabri Jon the manuha ture ¢ wile 
variely of ajpu wid household furnishing 
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A showroom of David Crystal, Inc. The $30 bil 
tion US apparel industry 1s a major user of 
Singer industrial sewing machines and allied 
equipment 


The Chinate Control Division makes and sells a 
large number of electric heaters and heating 
systems under the “Electromode”™ trademark 
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to wearing apparel were developed and marketed during the year This gives us a fir 
foothold in this segment of the apparel industry which is demonstrating dys 
growth. Our garment finishing equipment was rounde d out by the addition of ane 
sive line of Singer pressing equipment in early 1966. In addition, a new line of « 
stitch machines geared to the knitwear industry -vill be introduced to the United § 
market in the Spring 


TEXTILE MACHINERY Sales of textile machinery in 1965 were almost $34 1 
a 29 per cent increase over 1964, and earnings were substantially higher 

The Cobble Division, which produces tufting and textile finishing equipment, posted 
a 19 per cent gain in sales. A notable new product of this fast-growing division Is a 
machine incorporating a newly patented principle known as air tufting which mak«¢ 
possible higher operating speeds in the manufacture of carpets 

The Fidelity Divisio:,, which produces knitting machinery used in the manufacture 
of hosiery, rebounded sharply from its performance of 1964. Substantial orders for 
Fidelity equipment were placed by several of the leading U. S. hosiery manufacturers 

The Supreme Machinery Division, which manufactures large diameter knitting 
machinery for the garment industry, had a successful year with a 24 per cent 
increase. Sales of Alemannia fiat bed knitting equipment, produced in Germany ar 
now distributed in the United States by the Supreme sales organizatior reased 
slightly 


sale 


HEATING AND AIR CONDITIONING | Sales in the electric heating and air conditioning 
fields increased by more than 20 per cent in 1965, totaling approximately $25 million 
Sales ot Remington air conditioning products which are installed principally in 7 otels 
hotels, hospitals, schools, apartment houses and office buildings, increased sharply 

Electric heat is now used in about two and a half million U S. dwellings. This is an 
increase of nine times the number of ten years ago Electromode, the leader in electri 
space heating, has participated fully in this rapidly growing market. In 1965, Electro 
mode expanded its distribution and developed a new electric baseboard heater for 
introduction in 1966. Sales of freeze protection devices and specialty wire products 
by Easy-Heat/Wirekraft also increased 

Remington and Electromode manufacturing operations were consolidated in a newly 
acquired and renovated manufacturing facility in Auburn, New York, in the middie 
of 1965. This has permitted year-round balanced production of products contra 
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seasonal! in nature and is resulting if sbstan reductions 

The outlook for the Company in the electric heating and air conditi g 
especially promising in view of both the large increase forecast iri the number o 
electric” homes and business structures and the growing public demand for 
environmental comfort 


TECHNICAL PRODUCTS ales nical ) s, which in 
industrial controls, special purpos trical and electronic dev 
development services, exceeded 

The Diehi Division, which manu j ariety of specialized 
brakes and servomotor component: r stitching, textile and other ind 
ment, achieved sizeable profit improvement on a 15 per cent inc 

Largely as a result of several substantial defense contracts HRB 
iS primarily a government contractor supplying systems management and e 
in the fields of intelligence and reconnaissance, enhanced its leadership in the 
infrared technology, and recorded a sizeable increase in saies Of particular signif 
cance was a $15 million contract from the U. S. Army for production, over a three-year 
period, of airborne infrared surveillance eq nent 

The Metrics Division, a large producer of electrical and electr 
field test instruments, experienced continued operating difficulties and 
profitable. The technical staff has been strengthened, products have been re 
manufacturing facilities have been rearranged and present operations are 
a more efficient footing. Operating losses have been substantially reducec 


is expected to be operating profitably by the end of 196¢ 


Research and development expenditures by the Company in 1965 once again 
creased at a faster rate than sales. This investment amounted to $18 millior 
increase of 14 per cent. These figures do not include $7 million for resear 

by others, largely the government, nor does it include the cost of market resear 
long-range planning, patent protection and other activities sometimes classi! 
research. Research and development expenditures in 1966 are again scheduled t 
at a faster rate than sales 
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WAGES AND BENEFITS Tota! payr 
$392 7 million compared with $357 3 


required by law, the Company prov 
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EXECUTIVE CHANGES There were 
appointments 
Company, was 
Ralph P. Benr 
ceeding Herbert Bur 
Karr suc 
On February 1, 
charge of the Tec 
Donald D. Marsd 
Pequignot was 


Products 


ment, will ter 

in addition tor 
in February of 1966 

Manager of the Far East 

this year. Andrew J. Re 

Hough, a Vice President of the pan rmerly 

Division, has resigned with effe nr 31, 1966 
The rapid expansion o } 5 cent years has 

Jevelopment within the Compar 
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Long term, we | 


tives and 


[PX 144, 'p 25] 


[PX 144, p 26] 


OMPANY ANU CONSOLIDATED SUBSIDIARIE 


Financial NET INCOME Net income in 1965 totaled $44.5 million which was f 


than 1964's record net income of $46.5 million. Net income was $4.03 


Review 1965 compared with $4.19 in 1964, based on average shares outstanding ir 


2, ~ ngs per share reported by quarter were as follows 


First Quarter 
Second Quarter 
Third Quarter 
Fourth Quarter 


DIVIDENDS Cash dividends paid in 1965 were $2.20 per share, an ir 
cents per share over the amount paid in 1964 


or 9.3 per cent higher than 1964 net sales 

Sales of sewing products totaled $534.8 in 1965 and were 54.6 per 
total. In 1964, sales of these products were $513.7 million or 57.3 per cent of the tota 

Sales of business machine products were $138.3 milliu:. in 1965, reflect 
crease of 18.9 per cent over 1964 sales of $116.3 million. The 1964 increase 
per cent over 1963 

Other product sales totaled $306.7 million in 1965. This represents ar 
15.2 per cent over 1964 sales of $266.2 million 

In 1965, foreign sales were 52.0 per cent of the total, compared with 
cent in 1964. Sales in the United States increased 14.3 per cent while foreigr 
increased 5.1 per cent 


} 
NET SALES Sales in 1965 totalea a record $979.8 million, and were $83 6 rr 
ent f the 


Sales by major geographical area are shown in the following table 


1965 1964 

(Amounts in Million 
United States $470.3 $411.4 
Europe 237.1 235.4 
Latin America 1106 85.0 
Far East 87.5 840 
Africa and the Near East 46.1 39.6 
Canada _28.2 498 


$979.8 $896 2 
In 1964 the amount for Canada includes sales of $14 9 million for Thurso Pu 
Paper Company and related operations, which were sold in December 1964 


OTHER REVENUE Revenue from sources other than sales totaled $85 mill 
1965 as compared with $8.1 million in 1964. This revenue consisted of interes 
dividends, rents, royalties and other income, as shown in the statement of income 


SALARIES, WAGES AND EMPLOYEE BENEFITS During 1965, the Company a 
subsidiaries paid $392.7 million to employees directly as salaries and wages or in 
directly through Company or government benefit programs. This amount includes the 
cost of pensions, social security taxes, workmen's Compensation insurance, group lift 
insurance, unemployment insurance, health insurance and other benefits 
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TAXES The amourit of income and general taxes charged to inc 
ing social benefit taxes) totaled $60.1 million. The provision for Federa 
income taxes refiects the reduction to 48 per cent in the U.S. Corporate rate 


WORKING CAPITAL Working capital decreased in 1965 by $2.4 
with an increase of $24.3 « iillion in 1964, as shown in the following table 
1965 1964 


ri in Millions) 
Funds were derived from (Amounts aie 


Net income before deducting depreciatior 
and amortization which do not require a 
current outlay of funds 

Extraordinary sales of properties 


Funds were used for 
Dividends to sharehoiders 
Net additions to property, plant and 
equipment 
Purchases less sales of treasury stock 
Net change in other non-current assets and 
non-current liabilities 


neta Net (decrease) increase in working capital for 
{ Sowing Produc! 


* Business Mac ¢ Products year 
roducts Working capital at beginning of year 


Working capital at end of year 


Cash and marketable securities decreased by $4.7 million in 1965. Net ac 
ceivable increased $30.8 million mainly reflecting an increase in instalment sales 
amounts shown on the balance sheets are after deducting unearned Carrying Charge: 
and allowances for doubtful accounts. These deductions totaled $66.3 million in 196! 
and $56.1 million in 1964 

Inventories, which increased $9.3 million or 3.5 per cent, are summarized in the 
following table 1965 1964 

(Amounts in Millions 


Finished goods $166.2 
Work in process 80.4 
Raw materials and supplies 228 


$269 4 


Current liabilities increased $37.9 million over 1964. Loans and overdrafts, prin 
+n Ais OTL. 44 . Cipally from foreign banks 1sed $40.9 million and the liability for Federa 


; ovwwen 7 foreign taxes decreased $4.5 million 
Reinvested in the Gusiness FORFIGN NFT ASSETS Total net assets located outside the United States are 
Per Share pressed in U. S. doliars at appropriate exchange rates The following \able show 


Incoine Dividends P 


} 


eign net assets at December 31, 1965 and 1964 by major geographical area 


eel Bs 1965 1964 
450 }- \ (Amounts in Millions) 
4.00 -+ . Europe $124.4 $115.0 
Latin America 614 
Far East 38 ( 
3.00 Africa and the Near East 20.9 
Canada 150 
i $250 3 


30 


2.50 
2.00 


1.50 
1,00 


1961 1962 1963 1964 1965 [PX 144, p 27) 
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IMP ANY AND 


- : PROPERTY, PLANT AND EQUIPMENT The balances at December 31 
Distribution were 1965 
of the 1965 } ‘ (Amounts in M 
Revenue Doliar ; Property, plant and equipment 
Land $ 13.1 $ 135 
- we Buildings, less accumulated depreciation of 
OO enstnc , $47.6, 1965 and $46.4, 1964 40.9 
Machinery and equipment, less accumulated 
depreciation of $139.9, 1965 and $129.9 
1964 
Construction in progress 


Employecs 


Tane? 


million, Disposals of property, plant and equipme 
Owidends amounted to $4.5 miliion 
‘ The provision for depreciation in 1965 was $22.4 million cor 
million in 1964. The decrease is due primarily to the disposal! late 
Pulp and Paper Co. and related properties 


Reinve sted in 
the Business 


{ 
» 
' 
t 
oc Gross additions in 1965, principally machinery and equipment 


$1.00 
L ‘ iautsiee ; ; . OTHER ASSETS Other assets at December 31, 1965 and 1964 were as fo 
1965 1964 


(Amounts in Mil! 


Deposits $ 11.9 
Deferred charges 9.5 
Intangibles, less amortization 10.€ 
Prepald expenses : 7.6 
Mortgages and other 13.0 


$ 52¢ 
Deposits were mainly in foreign countries to secure currency transactio 


LONG-TERM DEBT Long-term debt, less amounts due within one year, consisted 
Cipally of unsecured promissory notes requiring payments each year to 
amounts due within one year, $5.5 million at December 31, i965 and $6.0 
December 31, 1964, are included in current liabilities 


interest 196° 1964 
Rates Maturities (Amounts in Millions 
3% %-3%% 1977 $ 243 $ 25.5 
42% 642% 1967 5.6 
5% 1973 2.8 
5% 5%% 1971 ; 2.6 
52% 1967 3.0 
Other 89 


$ 484 

CAPITAL STOCK At December 31, 1965, there were 10,958,490 shares outstanding 
compared with 11,092,542 at December 31, 1964. On February 7, 1966 the Con 
pany purchased 200,000 shares of its stock from a substantia! institutional shar 
holder. At March 11, 1966, the number of shares held in the treasury was 567,935 
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Consolidated 
Statements of 
Income and 
Retained Earnings 


964 


THE SINGER COMPANY AND CONSOLIDATED SUBS 


INCOME 


Revenue 
Net sales 
Interest and dividends 
Rents and royalties 
Other income 


Costs and expenses: 
Costs and other operating charges 
Selling and administrative expenses 
Interest 


Provision for Federal and foreign income taxes 


NET INCOME 


Extraordinary income 


Net income and extraordinary income 


RETAINED EARNINGS 


Retained earnings, beginning of year 
Add net income and extraordinary income 


Less: Dividends paid 
Cost of treasury stock . «cess of: 
Proceeds of sales to. loyees 
Net assets of pooled company 


Retained earnings, end of year 


See accompanying notes (o financial staternents 


1965 


{Amounts in Tr 


$979,757 
3,049 
1,667 
3,759 


988,232 


523,803 
375,478 


1965 
(Armoun $ 
$325,655 


fs 44,496 
370,151 


24,313 
2,419 


26,732 


$343,419 


$89 


239 
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INSOLIDATED SUBSIDIARIES 


Consolidated ASSETS _1965 


Balance Sheets Current assets: i) 
Cash $ 25,132 
a, Marketable securities 26,491 
Accounts receivable—net 342,694 
Inventories 278,744 
Total current assets “673,061 


December 31, 1965 and 1964 


Investments in and advances to affiliated companies 16,621 
Property, plant and equipment—net 155,400 
Other assets 45,898 

$890,980 


LIABILITIES AND SHAREHOLDERS’ EQUITY 


Current liabilities: 


Accounts payable and accrued expenses $ 86,191 
Loans and overdrafts (principally foreign banks) 163,503 
Federal and foreign income taxes 69,116 

Total current liabilities ~ 318,810 


Long-term debt 48,199 
Other non-current liabilities 17,768 
Reserves for realization of foreign assets and for insurance 70,000 


“454,777 
Shareholders’ equity: 


Capital stock—par valu: $10 per share: 
Authorized 15,000,00. « ares; issued 11,233,715 shares 112,337 
Retained earnings ; . 343,419 
455,756 
Less: Cost of capital steck in treasury (275,225 shares in 1965; 
141,173 shares in 1964) 19,553 11,638 
Totai shareholders’ equity 436,203 426,354 
$890,980 $843,903 


See accompanying notes to finarcial statements 
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- PRINCIPLES CF * ONSOLIDATION he a mpanying financial state 
‘ tr t { all subsidianes. Investme” .S in three 

wr j \ pa sre included at their equity value 

tw nail affiliated companies (47 and per cent 
extraordinary imcome in 1964 is 


INCOME The 


EXTRAORDINARY 
sited from the sale of timberlands, 4 


ef of tux wid re 
tt 5 

of the three finance com 

below 


COMPANIES 6a t eets 
3 yn4d 1964 are summar ze 
1965 _ 1964 
(Amounts in Thousands) 
$67,057 
( tot ssset 2,755 


FINANCE 


pane t 


$53,739 
478 


8,354 
$37,765 


to’ ed $882,000 in 1965 and 


These ar nts are included in other in ome 


t assets located outside the Un ted 
nted to $282,200,000. These 


the Financia! Review 


FOREIGN NET ASSETS Total ne 


mou 


t zeograpr 3} area ' 


INVENTORIES tated at the lower of cost, exclusive 
f dire g expenses, or market 


yfacturie 


t mar 
These assets are stated at cost, 


PROPERTY, PLANT AND EQUIPMENT 
d are sown by Category in the 


¢ sted deprec avon, and 


Fe 


FEDERAL ANDO FOREIGN INC OME TAXES yme tax liabilities In 
i ts shown in prior annual reports as Deferred Federal 
wd foreign i taxe These relate principally to instalment 


THE SINGER COMPANY ANE 


CAPITAL STOCK OPTIONS 
option plan and a stock purchase fF 
option pian adopted 
stock of the Company may be grante 
prices not less than m 
granted in 1964 and 1965 
erally expire in ten years 
in 1962, employees are granted op*.o 
of the Company by payroll 


CONSOLIDATED S 


The Company has both aq salified 
slan. Under the qualifi« 
n 1959, options to purchase shares 
d to executive emp/oy 
arket value on the dates of grant 
expire in five years prior optior 
Under the stock purchase plat 
ns to purchase cap 
deduction. The option price 


market value at date 


of grant or the marke 


cent of either the 
value at date of exercise, whichever ''s lower 
he following table shows the changes for the year ptior 
outstehcing 
Shares Option Price 
Options outstanding at january i, 1965 228,492 $27 009615 
Options granted 48 25-82 
Less 
Cotions exercised 27.00 
Options terminatec 28 38-96 
Options outstanding at December Ao 
1965 234,273 27 00-9€ 
Snares available for options at January 1, 1965 were 368,93 
and at December 31, 1965 were 269,820 
EMPLOYEE RET'EMENT PLANS Contributions by the Company and 
its subsidiaries under funded Retirement Pians amour ted t 
$3,500 000 for 1965 and $3,100,000 for 1964, including arr ! 
for past service benefits. At December 31 1965, the lability for 
pasi service benefits under tnese plans to be funded in future 
years is $5,600,000 
commitments The Company and its subsidiaries are |e 
vent to December 31 1968 


under 2,800 leases expiring subseq 
with minimum rent 
of the leases are rental contrac 


als of $11,600 000 annually Sut 
ts and not financing 48 
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THE SINGER COMPANY AND CONSOLIDATED SUBSIDIARIE 


EARNINGS (Amounts in Thousanc 1965 1964 1963 1962 


Net sales $979,757 $896,239 $790,188 $743,988 
Total revenue 988,232 904,359 800,082 751,595 
Costs and other operating charges 523,803 471,082 403,832 376,008 
Selling and administrative expenses 375,478 342,505 307,783 293,550 
Interest expense 14,395 11,599 9,300 9,213 
Income taxes 30,060 32,679 37,624 37,265 
Net income 44,496 46,494 41,543 35,559 
Extraordinary income _ 6,337 5,327 


FINANCIAL POSITION (Amounts in Thousands 


Working capital 354,251 56.725 332,381 342,079 332,494 
Cash and marketable securities $1,623 6,285 63,896 80,808 74,239 
Accounts receivable—net 342,694 311,907 264,759 243,630 223,97€ 
Inventories 278,744 269,401 233,762 212,717 212,244 
Property, plant and equipment—net 155,400 142,554 151,769 144,185 144,567 
Long-term debt 48,199 48,371 49,095 52,770 54,559 
Retained earnings 343,419 325,655 300,531 284,052 265,543 
Shareholders’ equity 436,203 426,354 402,025 391,752 374,490 


OTHER DATA 


Per share of capita! stock 

Net income 4.03 4.19 

Extraordinary income ~ 57 

Dividends paid (Note ! 2.20 2.00 

Shareholders’ equity 39.50 38.42 36.29 35.26 
Current ratio 2.1 2.3 24 28 
Number of shareholders (Note 2 32,323 27,97) 22,252 11,406 


prior to the 1963 merger are not retiected 


ompamnies are not inciuded prior to year of merger 
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This 19 a’ continuatton- ee 3 
copending appiteation Serial No.-322,716, fLled 
Dr ae 
November 12, 1963 entitled BRAKING SYSTEM AND ANTI 
— chs Te ee Bae ay 
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SKID MEANS-THERETOR 


ee 


The present invention relates aekevatty to braking 
systems for automotive vehicles and the Iike and {s pare 
ticularly concerned with the provision of novel and . 
improved antl-akid meeng, 

Ic {3 well known that a déd condition may be . 
encountered by a moving vehicle where ths brakes of the 
vehicle are anaiien co hard that the vehicle wheels tend 
to lock, Quite obviously, oboe factorea effect the con- 
mencement end bibacinee of a ckid condition, such as the 


condition of tho eurfece on which the vehicle {o moving, 


the speed at which the vehicle {s traveling, etc. However, 


{t {6 posci{ble for a vehicle to comonco a akid oven where 
the surface on which tho vehicle {a traveling Lo not wet 
or icy and even whero tha vehicle Li ceeveniog et moderate 
speeds, LF the vehicle brakes are applied too hard, 

Since all control of a vehicle fa lost while the vehicle 


{s {n a akid, thus increasing tho danger of serfous acci- 


dent and pernonal mnIMET fe fo obviously highly destrable 


to prevene or redute eres while at tho sams time 


enabling the vahtete Co come ‘to a Seneress etop as quickly 


ae ponutvla, 


It {fo therefore & primary obsece of tho pravent 


fuventflon to provide an improved braklog oyelem vhoroin 


operattou of thea beakes 


‘s under control of the vehtele 
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copending application —— No.. 322,716, filed 


Novgaisep 12, 1963, and entitled, BRAKING SYSTEM AND ANTI- 


Scucetine! te ; ; 
ten REP ah | ep a ee 


' F f ’ 
| SKID MEANS THEREFOR, 
! P » .¢ 
, The present invention relates generally to braking 
systems for automotive vehicles anu the Like and is par- 


ticularly concerned with the provision of novel and 


| imprgved anti-skid means. 

| 

| 

| 

i It is well known that a dgdd condition may be 
| 

encountered by a moving vehicle where tle brakes of the 


| vehicle are applied so hard that the vehicle wheels teri 


| to lock. Quite obviously, other factors affect the com- 
|; mencement and existence of a skid condition, such as the 


condition of the surface on which the vchicle is moving, 4 


the speed at which the vehicle is traveling, etc. However, 


j it is possible for a vehicle to commence a skid even where 
the surface on which the vehicle is traveling is not wet 


or icy and even where the vehicle is traveling at moderate | 


y Specds, if the vehicle brakes are applied too hard. 

Since all control of a vehicle is lost while the vehicle 

| 4s in a skid, thus increasing the danger of serious acci- 

| dent and personal injury, it is obviously highly desirable 

| to prevent or reduce skidding while at the same time 

| enabling the vehicle to come to a complete stop as quickly 
as possible, 

N It is therefore a primary object of the present 

‘ulion LO provide an improved braking system wherely 


on Of the brakes is under control of the vehicle 
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operator until a skid condition commences to exist, at 
which time anti-skid means automatically take over complete 
control of the brakes and maintain said control until 
danger of skidding no longer exists, whereupon the brakes 
are returned to normal control by the operator. 

Another object of my invention is the provision 
efficient and sensitive control means for the various 
operations of the system, which have usefulness inaher 
types of systems as well. 

Another object of my invention is the provision < 
novel and improved anti-skid means equally adaptable to 
called power brakes, as well as nonpower brakes. 


A further object of my invention is the provision 


of anti-skid means of the character described wherein the 
vacuum system of the vehicle is utilized, but wherein the 
loss of vacuum in no way interferes with centrol of the 
vehicle brakes by the operator. 

A further object of my invention is the provision 
of anti-skid means that is readily and easily adaptable 
to existing vehicles. 

Another object is the provision of a novel and 
improved reverse cut-off switci: taat automatically renders 
the anti-skid means inoperative when the vehicle moves in 
reverse, 

Still another object vf my invention is the provi- 


sion of an anti-skid system for automdive vehicles and the 


like having means which are durable and effective in 
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operation and which are feasible and practical both from 
an economic and manufacturing standpoint. 
Other ubjects, features and advantages of my in- 


vention will become apparent as the description thereof 


J} 


proceeds when considered in connection with the accompanying 


illustrative drawings. 

In the drawings which illustrate the best mode 
presently contemplated for carrying out the present 
invention: 

Fig. 1 is a diagrammatic view, in perspective, 
the assembly utilized in my nonpower unit, with portions 
being broken away for purposes >f iliustrat 

Fig. 2 is an elevational view, in section, o 
portion of the overall assembly illustrated in Fig. 1; 

Fig. 3 is an enlarged fragmentary secticonel eleva- 
tion of a portion of the brake-actuating means illustrated 
in Fig. 1; 

Fig. 4 is an enlarged fragmentery sectional 
elevation illustrating certain details of the anti-skid 
unit ane the drive means therefor; 

Fig. 5 is an enlarged sectional elevation of the 
cam gear and solenoid-actuating switch which form a part 
of the anti-skid unit; 

Fig. 5A is an enlarged fragmentary perspective 
view of the caw gear; 

Fig. 6 is an enlarged section taken on line : 16 


of Fig. 2; 
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Fig. 7 is a diagrammatic view, in perspective, of 
my anti-skid mears in combination with a power brake unit, 
pertions being broken away for purposes of illustration, 

Fig. 8 is an elevational view, in section, of the 
power brake assembly illustrated in Fig. 7; 

Fig. 9 is an enlarged fragmentary sectional ecle- 
vation illustrating certain details of the anti-skid means 


anc the reverse cut-off switch in combination therewith; 


Fig. 10 is an enlarged fragmentary sectional 


elevation of the reverse cut-off switch per se; 


Fig. ll is a fragmentary section taken on line 
| 
ll-1l of Fig. 9; and 


Fig. 12 is an enlarged exploded perspective view 


of the reverse cut-off switch per se. 


According, to one aspect of my invention, a sensing 
means for sensing when a skid condition begins is caused to 
activate a wheel speed-sensitive device that takes over control 
of the brake pressure until the skid condition ends. Advantag}:- 


ously,the sensing means is@m inertia-resporshe means tha sensf 


f 
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\\ 


ie puddon change in the speed of rotation of a wheel at the 

| cousenoe sant of skid conditao. ~~. inertia-responsive device 
down not control the brake pres. .°@ itself by repeated action 

| auring the skid condition, as has deen attempted by the prior 
jart. Instead the control of the broke preesum is taken over 

| coapieto.y by a governor driven dependently with the wheel, 

| edvantegeously & mechanical governor. The governor then controls 
|| the brake pressure in a hunting or modulating manner, for an 

| extend: 4 period, until such control of the brakes is ended by & 

|| reset reans that responds to fiowing of the vehicle to a pre- 
Geterminsd speed. Preferably, the reset means is a brake- 

| prompurv-sensitive Gevice which senses reduction of brake pressuco 
1 


| to a predatermined level which the governor can produce only 


when it slows to the predeterained specd,. 


| 
| 
| 
| 
' 


Tis separation of the initiating and controliing 
| functions ia8 an extremely important feature. Te initiating 


device must necessarily have 8 restraint to prevent operztion 


lwhen tha vehicle merely Geceierates normally. I have reolired 


that such a restraint prevents the device from being ab’3 to 


effectively regulate the brakes pressure due to lack of sensitivity, 


| oe govarnor, after it takes over control, is free of such 


restraint ané therefore can have much greater sensitivity with 
| the result that the brake pressure oan be much more accurately 
| reguiated. 

Te reset device is also of critical] importance becauss 
at low cpeede, @.g., below 10 m.p.h., the governor forces can 


become Go Giminished that the governor oan behave entirely as if 
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tne vehicle were skiddirg, 


tion that a predstermined level of brake pressure, 


ooour on ice, generally between 100-150 p.a.1. 


tnougn not, 


| whereby ..ormal control is regeined. 


13 


| the brake pressure. The reset device cen uct before this 
' 


e.g. t 


fe 


thereby totally relicovisg 


“curs, 


A further aspect of my invention concerns tne rvaiiza- 


he 


minimum brake pressure at which skidding of the vehicie will 


for conventional 


| 
automobiles, can be utilized to determine |‘ setting for tno 


| 


brake pressure-sensitive reset device. Thereby, only at the t'se 


when skidding is no ionger possible will control be taken awey 


from the anti-skid un 


o return the brake system to normal 


operation. This pressure-sensitive device, particularly when 


| 


! Advantageously, 


uscful with ~° *i-skid systems génerally, 


jusefulness in the system described above. 


taking the form of *» brake fluid pressure-sensitive switch, is 


though of particuiar 


the brake pressure-sensitive switcn 


operates an electrical systen, 


preferably a solenoid, 


to 


restore 


normal brake operatian, and i* can be eaployed to bring the anti- 


skid unit into readiness whenever the operator applies his brakes, | 


|as well as to stop the anti-skid unit from acting when skid 


| conditions have erded. 


Another aspect of the invention concerns the control 


of the governor. in normal operation of the brakes, 


is prevented from influencing the brakes, 


[been initially relieved. 


the governor 
but once activated, 
|@-6-, by the inertia-sensitive device, it is made continually to 


act, even when the venicle wheel speeds up after the brakea nave 


A cvatrolling or restraining member, 


we 


| preferably a solenoid, is employed to achieve this operation, 
\with the controlling member held steadily from intorfering with 


ll\the governor until the reset device operates. In the case where 
} 


le rotary weight mechanical governor is employed, a plunger cen 


normally restrain the governor and 8 solenoid, initially under 
|ths control of the inertia-responsive device, can pull back the 


| plunger to free the governor, whereupon the plunger can opereteé 


|e switch to mointein the solenoid energized, and et the end of 
‘ckid conditions the reset device can de-unergise the solenoid 
| 

| to once agair restrain the governor. 

| 
| 


Another aspect of the invention is @ fluid volving 


cyctem that responds to the governor to increase and decreane 


| 


{ 
| brake pressure. Advantageously, the valve, discharging to 4 


brake control conduit, is moved by the governor alternately 


| 
petween two positions to connect two passages for fluid at 


| pressure to rapidly vary in» modulating or hunting manner, to 


| keep the brake prvasure at maxinui values while preventing 
| 


| different pressures to the conduit. This causes the brake 
skidding. The mean about which the pressurs modulates changes 
' as tr® slipperiness of the roed chaunges, due to the effeot such 
| road changes have upon the governor. 
Se os iY por use in a Cicsed-cirsult hydraullc”systea, “tna direct 
control of the brakes is achieved, according to the invention, 
by an isolation val:3 that continually seals the wheel brake frow 
| the control of the operator, end e variable yvolune chamber, ©.6. 
piston and oylinder, for relieving and reapplying brake prvos' se 


to the wheel, the piston modulat’ 7g about a mean determined by 
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‘the modulating pressure conditions of th brake control conduit. 
| 


lAdvantegeously, the pinton, at the position where it ellows fuil 


i pregsuro, can operate the isolation valve. Then the piston being 
|epring loaded to that position can also perform a pressurée- 
eee function, limiting brake pressure to,e.g.,1,000 p.6.i., 
| tiough the operator is capable of applying twice that much. In 
normal operation the brakes function as well at 1,099 ped. a8 


|above, and by so limiting ine brake pressure, less is present to 


amhaasts the relief chamber to be smaller. 


{ In other brake systems the brake control conduit oan 


| 
c relieved when ea skid ocours, which eneblea faster ection and 
! 


|}control 2 power unit, or in the case of air brakes, it can 
| 


|directly control the brake actuators associated with the wheels. 


Purthermore, according to the invention, I have provided | 
| 


| advantogeous and inproved constructions of the various operating 


| 


lpinpenants and sub-systems which can best be described with 


| reference to the drawings. 


Referring now to the drawings, ané more particularly 


is Pigs. 1-6 thereof, a closed hydraulic circuit braking system 
; @mploying my novel and injroved anti-skid means in combination 


with @ so-celled nonpower brake will be described. The over-all 


master cyiinder i4, brake-relieving device 16, hydraulic pressure 
gwitch 18, relief actuator means 20, conduit valve means 22, 
akid-sensing and contro] means 24, snd anti-skid unit drive means 
20. 


system, generally designsted as 10, comprises brais pedzi 12, 
| 
| 
| 
| 
| 


| 
| 
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| Referring to Figs. 1 and 2, the bree pedal i2 is of 


Ronventional construction and cosprincs bel) crank 28 pivotally 


30 whereupon depression of pedul 12 ceuses bell crenk 28 to 
L otate in e@ counterclockwise direction eround pivot point 39, 
bhue gotuating connecting rod 32 pivotally connscted to bell 
iprenle 28, as at 34. Rod 32 carries at its other extremity é 
biuton 3% which functions to pump oil or otner suitable fluid 
Tvoa macter cylinder 14, ell in & well-known manner. Specifi-~ 


pally, master cylinder 14 has an upper reservoir 33 “hich conauni- 


| 

| 

| 

| 

! 

| 

| 
Salat to a suitable support on the vehicle (not shown) at 
| 


bates with lower chamber 40 by means of opening 42 whereupon @ 


pumped by actuation of pedal 12 and piston 36. 


| 
| Fluid pumped from master cylindor i4 passem through @ 


| 

| 

} 

ass supply of oil] 1# always present in the chmsber 40 to be 

| 

lcouplings 46, 48 to chamber 40 of master cylinder 15 and at its 
other extremity by a suitable coupling 50 to the brake-relieving 
device generally designated eat 16, whish incorporates an isolation 


valve. More specifically, coupling 50 1s connected to a second 


coupling 52 which is threadedly attached to biock 54, said block 
having a bore 56 extending longitudinally thevethrough into 
comunication with aligned iengitudina)ly extending bores 55 end 
60 in souplings 52 and 50, respectively. 

As will be seen most clearly in Pigs. 2 and 3, coupling 
52 19 provided with an internal ahoulder for receiving positioning 
spring 62 which positions isolation valve ball 64 adjscent velve 


vent 66, tending to close with slight force the bore or passage- 


onduit 4&4 connected et one of ite extresitics by euiteble 
| 
} 
| 
} 


{Px 150, 


During norm3l operation of tha venicle, ball 64 18 
‘iaaintained in ite unseated position, ae illustrated in Wigs. 
and 3, against the action of spring 62, by means of spring- 
| Loaded actuator piston 68 having a reduced extension 70 in 
lengegenent with ball 64. Suiteble “-rings ox» ths like 7e ure 
‘provided to insure a tight sliding fit between piston 68 and bore 


| 
| 
| 


|\06 whereby said piston effectively blocks further flow of fluid 


| through bore 56. 
Block 54 is provided with a pair of oppositely dispossd 
passagewoys 74 and 76, it being noted that said pessageways 


|conmunicate with bore 56 just behind vrive seat 66, whereupon 


when ball 64 is in its closed position in engagement with valve 
' 
neat 66, fluid in conduit 44 from the master cylinderwdll be 


‘ 
| 
'7h communicutes with hydreulic presgusc reset switcn 18 for 


| 


blooked before reaching the passageway 74 and 76. Passageray 


reasons hereinafter to be described, while passageway 76 corssuni-~- 
cates by moans of Bultable couplings witn conduit 78, which in 
turn communicates with the hydraulic brake lines 80 leading to 


the ).,ee) hydraulic actuator cylinders (not shown) of the vehicle 
20 to actuate the brakes in well-known fashion. Thus it will be 
seen that with the parts in the positions illustrated in 
Pigs. 2 and 3, and particularly with piston 68 in the position 
5 
| 
| 


illustrated, brake pedal 12 controls actuation of the vehicle 
wrakes through o direct line. ‘This is the normal operating 
2 condition of the vehiole, 
eee 
aeemeet’ Tne actuator for the relieving device 16, generally 


designated at 20 (Pigs. 1, 2) controls the movement of piston 68 


i 
i 


10 


15 


20 


25 
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end hence ball 64. ‘This actuator comprises a housing or cylinder 
\G2 having @ lerge piston 84 slidably mounted therein, said pioton 


| 


having suitable seale 66 at ita outer periphery to insure that 
| 
[the piston 64 will make a tight sliding fit within oylinder 62 


I whereby no leakage will exist around the piston. Piston 84 is 


threadedly connectcd, as at 88, to the sforementioned amail 


| 


hydreulic piston 68, whereupon movement of large piston U4 causes 
corresponding movement of piston 68. Housing G2 is secured to 


| block 54 by any suitable means, such as screws 90, and tho 


| adjacent end wall 92 of the nousing 62 is in free cocmunication 


with @tuosphere, es by ports 94. Suitable air fiiters, such as 
| 
| shown et 95 in Pig. 1, ary be associated with the ports 94. It 


Will thus be seen that the chamber 0S located on one side of 

j ares piston 84 is always at atmospneric pressure, while chamber 
198, located on the opposite aide of piston 84, may either be at 
atmospheric pressure or it may be vecuum charged, @8 will herein- 
after bo described in more detail. wWhsn the chambers 96 and 98 
are coth at atmospheric pressure, spring 100 resiliently urges 
piston 64 to the position illustrated in Pig. 2, it being seen 
that the piston 64 has moved to the right as fer as it can 6°. 

In this position, the piston 68 has a)eo been axially moved to 
the position illustrated, in which position extension 70 (Pig. 3) 
has engaged ball 64 to unseat it from valve seat 66. ‘Thus, where 
chambers 96 and 95 are both et atmospheric pressure, the vehicle 
brakes are under the complete control of the brake pedal 12. 
However, when chamber 98 is vacuum charged, the pressure differ- 
ential between chambers 96 and 98 is sufficient to overcome spring 


309, whereupun piston 84 will move to the left, viewing FPig- @; 
7 causing corresponding movement to the left of piston OO. 
‘nis in turn enables ball 64 to seat auainst valve seat Ov, by 
eans of spring o2, thus blocking the bore 56 and preventing 
lactuetion of the brakes by means of brake padal 12. As pistons 


ks and 03 move further to the left due to the prosence of @ vacuun 


or even @ partial vacuum in chaaber 95, hydraulic pressure in 


lines 73 and Bo and ir “he spring-loaded brake actuators aéssocia- 


lee with the vehicle wre.s will be relieved, due to the fact 


‘that the fluid is now free to Lack up into that portion of bore 


| 


56 that has been vacated i” movement of piston 68 to the ieft. 
int will therefore be ren that by introducing @ vacuum or partial 
|vocuu to chamber 9¢, fluid pressure in lines 78 and 80 will 
|automat ically be relieved, thereby reiieving the brakes. By the 
= token, a8 soon a8 utmosphere is again introduced to chamber 
gS to equalice the pressure in chamber 96. the brakes can once 
again bo fully acturted by the pdeal i2. It will be apparent 
| cnot the amount of vacwm introduced t.. chamber 98 will determine 
the amowt of r3du:zion in brake preerure. More specifically, 
e cxeater the vecuum that is intro/uced to chamber 98, the 
ne will be the movement of piston 84 to the left (viewing 
Fig. 2) and at the same time there will be greater movenent 
of piston 6 to the left, thus vacating more of bore 56 and 
providing greater relief of the hydraulic brake pressure. 
Similarly, given a certain amount of relief due to a certain 
eros of vacuum, then decrease in the amount of vacuum will 
| 
\ 
| 
| 
| 
| 
| 


increave the hydraulic brake pressure due to movewent of the 
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| pistons to the right. Tne ability of ny syetem to provides 


| varying Geogrees o* relief and restoration of brake press? 
[untie the brake pedal remains isolatec from the systaa is an 


‘impertant and sdvaentegeous feature. 


| It will be noted that during normal operation of the 


| 
\cystem, as heretofore described, 1.¢-, where atmospheric prvesure 


jjexiete in both chambers 96 and 98, tne piston 68 will funetion 

| es & pressure limitor in the syten. Hore specifically, since the 

|pisten o8 io resiliently held in the position illustrated in 

‘Pig. 2 by means of spring 100, it will back off when excers 

ane is applied by foot pedal 12. im practice it “>e been 

| found that in e@ conventional gutomobile pressure abov' Ls De Bed- 

or et least above 1,500 p.8.1., depending on ths type - — 

al tg unneeded for normal brake operation and hence aprangs 2 and 
‘100 are preferably calibrated so a8 to enabie ball OF to erat 

lwhen pressure in excess of that needed is intreduced, thus 

| preventing introduction of excessive pressure to the brakes. It 

}will pe cbvious that the springs may be calibrated so 8&6 to 

| provide a limit at any selected pressures. 


20 The means for introducing either atmospheric pressure 


| or vaouun to chamber 96 and for modulating the degree of vacuum 
| therein will now be described. Referring to Fig. 2, it will be 
|eeen that cylinder housing 62 is provided with en opening 102 
in communication with chamber 98, which opening comsur.icates 
with a brake control conduit 108 that in turn connects with the 
conduit valve, generally designated at 22. More apecificslly, 
there is provided a housing 106 having an upper portion 108 
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) 
: 


| 
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which houses the skid-sens‘ng end control means 24, and & icWer | 
portion 110 which houses the valve 22. Tr iower housing 110 


+! 


comprises an inner chsaber 112 having © partition L114 defining & 
‘wu possege 116 and an atmosphere passage De. More specifically, 


5 | voouum passage 116 is in communication, by means of passage 119, 


| 

— the intake manifold 120 of the vehicle. Thus, suction is 
‘\peienetiind being applied to the passage 116, The passage 215, 
lon the oths> hand, te in communication with atmosphere through 


| 
lport 122, to which & suitable air filter 124 may be attached, if 


10 \deuired. A rotary valve 126 is mounted for rotation in housing 
| 
| 106, i. beingnoted that valve 126 is en @longeted rod that 


‘cone vertically thrcugh upper partition 126, tne aforesaid 


;partition 14, and is journaled in bottom wall 130, the pertition 


and wall being integral perts of a unique molded housing of anti- 


| 
friction plastic. The valve 126 is provided with e peir of 
assis or bores 132 and 134 extending diemetrically there - 
| through, gaid bores being vertically spaced from each other, and 
| having elongated cross-sections in the axial direction, longer 
than the diameter of the rod. Bore 132 is associated with passage 
1116 and bore 1:. with passage 118. The bores are angularly 
| steposes with respect to each other, 85 shown most clearly in 
Fig. 6. ‘Thus, witn the rotary valve 126 in the position illus- 
trated in Figs. 2 and 6, bore 134 is positioned so as to allow 
free passage of atmosphere from passages 122 and 118, bore 134 
and chamber 112 to brake control conduit 104, whereby atmosphere | 
will flow into chamber 98. At the same time, dus to the angular 
| 
} 
| 


| dispiacement of bore 132, passage 116 will be closed by valve 126, 


ee 
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thus preventing suction from manifold 120 and parsage 119 from 
| 

ll coming into contact with chamber 112 ond brake control conduit 
104. It will be underatood that the only access from pabiroee 


| 


}116 and 118 to chamber 112 is through valve 126 and more apsci- 
Ifieaily, the bores 132, 134 thereof. Should valve 126 be rotated 
| by means hereinefter to be described, it will bo seen thet 
|communication between passage 115 and chamber 112 will eventually 
‘ve blocked, thus interrupting the flow of atmosphere to brake 

|| control condult 104, while at the saese time passage 116 will be 
ian communication with chamber 112, whereupon a suction will bs 

| applied through brake control conduit 104 to chusber 98. 

It 18 ‘mportant to note tnat use of a rotary valve such 
ae valve 126 is extremely advantageous where pasrage of & vEoUUn 
land atwospheric pressure, or more generally two different 

| preceures, ict being contrelled due to the fact that the pressure 
| differential offers a minimm of resistance to the turning nove- 
| ment of the small diameter valve. ‘Thies 1. contrasted to a 


| reciproce2 or poppet type valve wherein movement of tho velve ic 


much more resisted by pressure differential. 4 


a oe ee At me ee en es Sere nerwns * 


came as Home 


““Ke hereinbefore explained and described, introduction 
of & vacuum or partial vacuum to chamber 95 eutomatically tends to 
release brake presoure on tht vehicle wheels. It has been found 
in practice that an angular displacement between borea 132 and 

134 of approximately 37.5° gives best results in the operation of 
my System, and it will be understood that rotary valve 126 may 
not always be positioned so as to completely open or olobo tre 
Nagas 132 and 134, ‘Thus, different degrees of novement of valve 
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i 
26 allo different brake fluid pressures to be exertwu on the 
veniclo wheels, thus providing the propsr breking pressured for 
aifferent road comitions. Im instences where the prescwre on 
bne pruke actuator is the came at the beginning of a 6kid; 
\eceer initial pressure requires 1665 relieving), tne cmount 
Lr relief of the prake pressure depends on the amount of traves 
| £ piston 84 to the left in chember 98 which in turn ip depenstent 
n the amount of vacuum introduced to the chember. Thus, where 
yehicle 18 praked and skids on @ ary surface which requires 
ge greaver prake prossureé to oreate & ekid condition, lecoor 
bevene..t of piston B4 to the left, and hence less vaous, will 
lve required to relieve the prake preesure sufficiently to prevent 
the vehicle wheels from locking, tnis pressure peing referred to 
oo "rolsa prc sours. Conversely, wheres the yeniole 16 br ened 


or o slippery surface such &s8 ice, & lesser prake pressure is 


| 
| 
| 


required to create & skid condition. Hence the valve 126 must 
open suction passage llb to the brake control conduit 104 for e@ 
longer initial period to provide greater vecuum to chamber 33 
lan order to move piston 84 sufficiently to tne left so that 
sufficient relief of the brake pressure will be effected to 
prevent the wheels froa locking. 
In accordance with the invention after relesse pressure 
is attained, with corresponding movement of the piston thon tre 
| governor causor the degree of vacuum in condult 104 to modulate, 
which modulates the brake pressure ynreugh & narrow range of 
intermediate pressures above and below the release pressure, 
| without ever restoring tne normal, nigher vbraks pressure untid 


| the skid condition ends. 


To thus operate the valve, the upmer eatrenmity of valve 


| 
| 
} 


1126 (Pig. 2) 18 provided with e reduced portion 136 thet oxtenda 
lupwor* y through partition 126, seid portion 13% having @ pin 


| 
\138 extending therethrough to which is attached @ circular projvo- 


‘tion 140, 4t being seen that es e longitudinal thrust ic exerted 
agains * projection 140, the valve l2u will be caused to rotate. 
The means for controlling movement of valve 126, narcly, 
itherefor, will now be described. Heferring to Pig. 4, skid- 
senoing amd governor centrol means is designated generally at 


i24, and the drive means therefor ic designated generally at 26. 


: ekid-sensing and governor control c@eans end :ne drive means 


|Referring firet to the latter, the vehiole drive shaft is shown 
! 


| 


jconnected to the wheels of the vehicie (not show) whereupon 


lwhen the vehicle wheeis iock, the drive sheft eiso .ocks. Th 


at 142, it being understood that the drive shaft is directly 


ae shaft drivingly engages speedometer gear 144, which in 

iturn is fixed to shaft i4o, which in turn is drivingly connected 

|to sheft 143 by means of a coupling shown at 150, said shaft 148 
connecting with speedometer cable 1'2. Gear box 154 through which | 
jGhaft lke passes and in which the oneft 143 is suitebly journaled, 
hourev6 drivingly engaged bevel gears 156, 155, it being underetood 


that bevel gear 156 is keyed to shact 148 and bevel goer 158 is 
ko ed to shaft 160, whereupon rotation af shart 148, tranamitted 
thereto by the vehicle drive shaft 142, is transmitted to shaft 
160. Shaft 160, in turn, is drivingly interconnected, as at 162, 
to flexible shaft 164, said flexible enaft being connected, as 


at 166, to the unit 24, and sald ficxible snaft being drivingly 


interconnected with a shaft 103 wnich has fixed thereto a arrive 
goa 170. It will therefore be seen that the gear 170 ie ériving: 
| anterconnected with the venic:: ve sheft 142, which in turn 

fc connected to the venicue whesi¢. Thus, rotation of the 


. wheele will couse corres,onding rotation of gear 170, 


| convernely, sudden slowing of the vehicle wheels, such 66 
in 4 ocour where the yehicle epproaches 6 ekid condition by ths 
| operetor applying wore orake prossure tian Le required for 6 

| particular yvood surface, will ceuse not anly ths main drive aheft 


| 

1142 to suddeniy slow, but also drive gear 170. Qear box 154, and 
! 

|‘ odaptor 172, by means of which the gear box is conmected to the | 
| ' 
jengine housing 174, comprise an aveembly which may be easily ans | 
| 
| 


reedily adapted *° a conventional vehicle fc driving the oenging 
‘ana governor con\.vl mesns now to be described. 

Tne unit 24 (Figs. 4, 4) comprises a molded plastio 
housing 176 having a pair of spaced partitions 173, 180 ther-in 


defining chambero 182, 164 and lUo. A solenoid 1304 is secured 


to housing 176 adjacent chamber 182 by any suitable means, the 
solenoid 184 having ® pluager 190 with a reduced extension 1g2 | 
resiliently urged into chamber 182 by means of spring 194. when | 
solenoid 184 ie not energized, spring 194 bears against flange 196 
affixed to plunger 190 to resiliently uree extension 192 into 
chomber 182. Suitable stop means 198 mounted on the interior of 
chamber 182 engaged flange 196 to limit resilient axial movereént 

| of plunger 190 and extension 192 at a predetermined point, for 


repoons hereinafter to be explained more fully. Journaled in the | 


| 
| 
| 
| 


respoetively. Snaft 202 iv provided with an enlere vA Dp 
o4 neving on internal Lore for slidably receiving in teicr 
lesletion @ reduced eatension 200 of siinft 
200 ond 202 18 a@ governor aesembly cocpriging & piursilty o/ 
eights 700, each pivotally connected to a pair of links 210, 
[whch links in turn are pivotally connected to arms 212. The 
| eros 212 located on one side of the weights 2.0 are affixod to 
Jonas 200 as at 214, while the arms on the other side of tne 
[woagnta are affixed to shaft 202 a8 st 210. As hereinbefore 
| pointes out, shaft 262 is jouwneles for rotetion in partition 
| wo but is incepable of long itudinel movement. Shaft 2oo, on 


lithe other hand, is drivingly engaged with pheft 202 so as to 


|| rotate thorewith, but said shaft 200 is axislly olideblo with 
| 


|‘ pespect to the said shaft 202. Since the governor ascembly 16 
| afrixed on one side to shaft 2% and cn we other side to shaft 
\200, it will be eeen that the ep3ed of rotation of the shafts 
'wihl determine their longitudinal position relativa to each 
‘other. Spring 218 resilientiy urges the governor assembiy to 

| ite collapsed position wherein shafte 209 and 20? are axisily 

| 


| extended with respect to esch other, but as the rotationsl speed 


| of shafts 200 and 202 incresses, centrifugel force urges ths 


weights 208 outwardly, thus moving ohaft 200 toward the right, 


viewing Pig. 4, against the action oy spring ¢ 


© ane qeuns) AOD Oho FO RRERETEIEINETS © - ee iclahalal 


“Pixned ‘to shaft 200 at the extremity thereof located in 


—e 


| chamber 182 18 a spool member 220, which spool member is in 
Onge,-ment with projection 140 carried by the reduced uppsr 

| extension 136 of rotary valve 120, Tus, exiol movement of shaft 
200 cavres like movement of the spool 220 which in turn carrice 


|| {herewith projection 140 captured between * opposed walls 


| 
| 


| 
| 
| 
| 


| 


lof th? spool to thereby impart rotary movement to vaive l2o. 


The means for iunpartiny rotational movemont to shalt: 

2006 ond 202 end the governor assembly aseociated therewith cox 
prices o cem gear 222 (Pigs. 4, 5 “ 5A), which can gesr is 
of the drive train, in driven ergrgewment with gear 170. The 

ver 222 is mounted on shaft 202 and is located in chamber 150. 
me cem gear io slidably mounted on shaft 202 and ie in driving 
engegement therewith by means now to be described. A recess 224 
having inolined or helical surface 226 is provided ai tho end of 
ithe cam geer adjacent partition 160, and @ projection or pin 220, 
cerried by shaft 202, extends into ssid recess in engagement 
lwiti the cam eurface 226. At either end of the recess io a sto} 
surface, at the deeper wond stop eurface 227, adapted to engece 


pin 228 for aoco¢lerating the governor om st the shallower ond 


otop curface 225 for engaging pin 220 to docelerate the governor. 
A leef spring 230 mounted to the housing 176 by any suitable mecnu 
engages a button 232 which is presse fitted into the central bore 
of con gear 222 to normally urge the letter axially toward 
partition 180, holding pin 228 against accelerating stop surface 
i227. However, when rotation of drive gear 170 and cam gear Z22ec 
is ouddenly slowed, as by sudden slowing of the vehicle wheels 
upon the presence of a skid condition, the rotational inertia of 
shaft 202, especially due to the governor weights 205, causes 
eheft 202 to turn anead of gear 222, causing pin 2208 to leave 
wtop surface 227 and move to stop surface 225. This slides guar 
222 on shaft 202 in a direction away from partition 180 to 


activate governor control. 
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i It 18 important to note that solenoid apring 19% is 


jp tronger tnan  ovcernor spring 218, whereupon when /polenoid 1835 
| 

jis not onergized, plunger extension 192 bears sgeinst Bpool 

! 


lo20 to rsstrain same in the position illustrated in Pig. 4 


\eherein the rotary valve 12u ia in the position iliustrated in 


} 


Pigs Fe namely, the position where atmospnere ie free to pase 
i; 

through the valve to condult wi then to chauber 93 and 
lvherein at tne same time suc! m the inteke manifold ie 


blocked from communication with conduit 104. ‘Tnie is the normal 
operating condition of the system wherein the balanced pressure 
Jon opponite oiden of sctuateor piston 4 enabies spring 100 to 

pon ition piston U4 and piston oJ 46 Liuustrated in Fig. 2. Mh 


itnis pocition, ball valve 04 is unseated to eilaow fiuld pressure 
} 
{to pase directly to the brake iinme wiereupon operation of the 


|brakes (a under direct control of brake pedai 12. This condition 
yaaa romain eo long a8 6olienold idd (Pig. 4) 1@ not energized. 
lEne ‘givr t'on of soienoid 16% 18 accomplished in the foliocwing 
jmanrat . AB previouBly explained, sudden slowing of gear 170 dus 
ito sudden slowing of the ve:icie wneols 68 a resuit of a ski¢ 
condition cauees cam gear 222 (Pigs. 4, 5, 5A) to move axially 

on shtft 202 away fie _artition 180 against the action of spring 
230. This movement ia sufficient to cause actuation of a switch 
234 suitably mounted in chamber 106. At the sane time, the initio 
povement of the brake pecal and the resuitant increase in fluid 
pressure in the system, causes hydreullie switch 18 (Fig. 2) to 
become closed. itydraulic switch 16 is fully disclosed and 


|| deperibed in copending U. S. patent appiication Sers@x No. 203,075, 
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| 
iL, 


riled June 18, i@%2. Basically, switch 18 comprines piston 236 


hich nae connected thereto at ite upper end a metallic contect 
pup 238. Cup 235 18 adapted to bridge contacts 240 end 242 but 
Le normally maintained ‘speced therefrom by spring 244. An 
Justing screw 246 ie provided by means of which the tension of 
pring 244 may be varied, thus enabling the ewitch 18 to be pre- 
djusted whereby a predetermined fluid pressure, @.g., 120-125 
.8.i., Will cause piston 2% to wove against the action of 
pring 244 sufficiently to bridge the contacta 240, 242. Actus- 
kion of switch 13 in the aforedesoriced manner enables current 


[to flow from battery 248 through contact 242, contact cup 238, 


na contact 240 to line 250 to the solenoid coil positive *ermini| 


B52 (vig. 4). ‘The voltage is applied through the solenoid coil 
54 and then through line 256 to terminal 258 on switch 234. 
men ewiteh 234 19 open, the circuit tc ground is not cempicts, 
4 solenoid 188 will not be energized. However, upon actustion 
f switch 234 in the manner eaforedescrided, the circuit to 
round is completed through terminal 200, line 262 and ground 
connection 264. It ie important to note that the circuit is such 
that although it is essential for hydraulic pressure switch 18 
to be ciosed in order for solenoid 183 to be energized, closing 
of switch 16 alcne is not sufficient, but rather switch 234 must 
aloo be actuated in order to complete the circuit. This is 
lav portant because under normal operating comlitions of the syaten 
bi (ficient pressure will normally be introduced to ewitch 18 by 
the root pedal to actuate same, but it is e#sential that solenoid 


|B not be energized under such normal conditions. 
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Bnergization of solenoid idcd accomplished by rightward 


|| movement of the cam gear (Fig. 5) Cio@ing switch 234, ceuses 


garner 190, 192 to be retracted agoinet the action of spring 
94, thua freeing the shaft 200 and spooi 220 for axial movement 
sani the influence of the governor e38embiy. Therefore, the cus 
| coer oporating in response to tne inert‘ of the governor and 

l ene ®olenoid operated plunger together A be regarded a6 an 


| snerto-responsive means for initiating the action of the governor 


| 
| 
| 
| 
| 
| 
| 
| 


As Boon as the solenoid Plunger has been retracted, du co 


the governor assembly takes over control and, es it is stopped 
atir{o acorface 
by Beal sa cece 225 of the cam gear, soring 216 will cause the 


| 

| 

|to the sudden slowing at the commencement of a skid condition, 
| 


"governor assembly to commence to collapse, thus moving shaft 200 
| and Spool 220 axially to the ieft, when Viewing Pig. 4. This 

| povenont of spool 220 causes corresponding rotary moversnt of 

| vaave 126, thus shutting off the pescbage of atmosphere to breke 
[control condult 104 and Simultaneously effecting communication 
| betweon vacuum passage 119 and conduit 104. This reeultes in 


| muctic belng introduced to chamber 98 which in turn overcones 
the sotion of spr;ng 100 to ceuse Pistons S34 and 68 to move to 
the left, viewing Fig. 2. This movement of piston 68 enables 
| ball velve 64 to close dus to the action of Spring 62, thus 
preventing the introduction of further fluid pressure tc the 


Bystom via br-ke pedal 12, Further leftward movement of piston 
|68 enables the fluid in dines 74 and 89 to back up, thereby 
| relieving the pressure until the vehicle brakes begin turning, 


ve duration that the suction is Spplied, and hence the degree 
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of vecuum and th: amount of pressure relief depending on the sli,perinesc of 
|) the rosd, As avon e6 th: Urake release presgur: ia@ echieved, the venicie 
CsA wboe)o commence to rotate, whereby drive obaft 142 thro gh th sforedesoriles 
| gcering on e again causes geare 170 end 222 to rotate, it be.ngy apparent thet 
5 | thio renewed rotation of enafte 200 and 202 will cause ti. governor aeaenbl, 
| to once again turn, and due to the centrifugal foros created, to rstract 
ahaft 200 and spool 220 to once egain rotate valve 126 to te positions Alure| 


Ls treted in Fige. 2 end 4, where once egain atmosphere is connected tc chamber $5, 


(is || thus enabling brak: pressure to be restored. | 


‘ 


ye) But, it is very importeny for m, prvasnt invention thet the solenoid | 
iw not de-energised and th. governor returnsd to tL restraint of tos Lnertin- 


| 
| 

\ responsive device, Patu:r, tus governor remains {ree to ect, It l:sves 
| 


th velve 126 op-n to stoospher 118 for an instant until th. cugree of 
vacuun im leseacned enough to cause slight rightward ao-c@ nt of V.. pieton &4 
(ys 9 | to cause tic Urake preseure to slightly exceed release preosure alo & euid 

f ft | again commentos, «Again the governor ie slow d by the drive tre.on end sgeain 
it opens the valve 126 to guction 1lo, ans tole cycle repeete again and eyain 
in an extromoly repid hunting or modulating ecticn with the gae proagure in 


| t.e@ conduit 104 never reaching either atmospheri: or eng.ne vacuus level, but 


Ph rethor moduletes at intermediat: levele. In dependent fuebion, the hydraulic 
Cif, wrske preasur: modulates narrowly ebout the release preeéure @6 &@ menn, 

| witout returning to normal pressure, Wien tie ekid condition one, tie 
|| governor opens the valve continually to ntmoaphere and pistons 8&4 sao & move 
EAP ' full, to the right to once again unseat insolution v.lve 64 end reetcre oral 
aN P| brak operation. The fnaeter the vehicle trevela, the foster dues thie action a 


our, but tue action is e.fficientl, fast down to speeds on th. order of 10 B.p.b. 
eh4 
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joven lover, to repidly pump end releuse the brekes. It is 


ee very important aspect of the invention that the governor 


5 | In order to effectively carry out this modulating action, 


} 
inelingui shes control of the brake pressure before the volicie 
‘stops. 


I have found it to be critical, in the preferred construction, 


that the solenoid 183 remain energizod or that the plunger in 
some other way remains retracted until the vehicle slows to a 


predetermined slow speed, ¢.g..5 or 10 m.p.h., depending on th 


10 vehicle. Since closing of switch 234 to complete the circuit 


to ground that energizes solenoid 188 is only momentary, holding 


|neans ere provided for maintaining the solenoid energized until 


hydraulic pressure switch 15 opens, it being understood that 


switch 16 is preset to open only when fluid pressure in the 


15 systems falis below the minimum value possible to achieve & ekid 
| 


leondition, @.g.. set to 85-90 p.e.i. produced by the governor et 


5 or 10 m.p.h. 
Te eforeseid holding weans for the solenoid comprise 


a terminal 266 having a connection to ground as et 268, which 


20 terminal is engaged by plunger 190 wher, the latter is retracted 


in order to complete the cirouit ts ground independent of switoh 


234. Thus, although closing of switches 18 and 234 is essential 


in oxder to energize solenoid 188, once the solenoid hae been 


energized and its plunger retracted, switch 234 may be opened 


25 without de-energizing the solenoid, and the solenoid will remain 


energized until switoh 18 opens. 
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Ao hereinbefore stated, it will be obvious that if 


| ewitoh 18 were not utilized, then there would be no mosns praesent 
leor insuring de-energization of the solenoid once the condition 
Ines peen reacned where a skid is no longer possible, it beiny 
a that if the solenoid were still energised et such low 
ae the vehicle would be without effective brakes, since the 
ilies aseembly would not exert sufficient centrifugal force to 


lovercome the uction of spring 218 and move shaft 200 end spool 


|220 to the rightward position (Fig. 4) wherein valve 126 ensbles 
i brakes to be controlled by pedal 12. 

It 1s possible fox the reset device to take some other 
form, such as @ pendulum device or a vehicle inertia memory systsn | 
that can dotect the slow speed of the venicle, but brake pressure- | 
sensitive devices, and particularly hydraulic-electric switches 


have important edvanteges in the syctes, particularly eince they 


of the speed of the car, to enable norsal operation, while 
offering low speed protection against the governor's cutting off 
the brakes completely. ‘The adjustment of the pressure level to 
which tne device responds can be adjusted according to the 
wishes of the operator and the type of road conditions to be 
expected. But, in fact, a sing’: setting, below that at which 


| 
; respond whenever the skid condition has passed, regardless 


ekidding on ice c» zs, which is determinable for any given 
vehicle, 18 advantageo. sly employed to give anti-skid protec- 
hades under virtually all conditions. 
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Any tendency for the unit 24 to er: 

kid condition and actuate switch 234% in respon 

oelerstion ie overcome by use of properly crlibratec 

O08 und w properly tensioned spring 250. In addition, 

ound that an erroneous sencing is wost iikejy to ocour wher 
here is ea rapid acceleration of the drive shaft quick) followed 
y @ repid deceleration. Tne frictional pbreke or drag ti 

giliently exerted on spool 220 by plunger J helps to 

is problem since this action tends to recuce the torque applies 
o shafts 200 and 202 by the governor sesembiy It has been 
ound, however, that eat high speeds the frictionel enwagsment 

tween plunger 190 and spool 220 results in uncue wear of ths 
parts. Therefors, plunger 190 is ¢ zisted vy spring 230, and the 
plunger is disengaged at high epeedo. To this end, stop means 
198 engages flange 196 so as to Aimit the outward movewent of 
plunger 190 whereupon no engagement cxists between plunger 190 
and spool 220 at relatively high specods. I live realized that 
the crucial problem of repid acceleration followed by rapid 
deceleration occurs at low speeds in the low year range with 
conventional automobiles, and I have, therefore, found that it 
is not necessary to have plunger 190 exert @ frictional drag on 
spool 220 and shaft 200 at relatively high specds. 

Although the operation of my invention is thought 

clear from the foregoing description, a brief secereinh of the 


tion will now be given. Under normal operating conditions, 


solenoid 188 is de-energized whereby the spring-loaded solenoid 


plunger maintains the skid-sensing and control unit di erative, 


\| 
4e in the position wherein atmosphere is int duced to chs 


ig8. Since ohember 96 is also open to atnospiere, it follows 


t t 


lwhich 168 connected to piston 88 end moves therewith, enneyes 


} 


lfor operation. 


| 
| 
| 
| 


inequired for @ particular road surface, the vahicle wiwels 5 


j\euddenly. This causes corresponding deceleration of drive 


} 
20 922 elso slow abruptly. The inertia of the governor &acemd 


, 


jcausse the gear 222 to move longitudinally by the cam surfs 
aforedesoribed, said longitudinal mvewent of gear 222 caus! 
awitoh 234 to be closed which results in energization of 60 


1883 and the retraction of solenoid plunger i90. The socond 


to maintain the solenoid energized until awitcn 18 opens, ev 


Wl Ghoush gwiton 234 hes now opened. Jaiton 16 ie preset, o.% 


jonabi ing epring 100 to takes over and wove ths piston &4 to the 


porition iliustrated in Pig. 2. In this porition, piston oe, 


|With ball valve 64 so opened, fluid pumped from master cylinc 


1! Upon encountering & skid condition, 1.@., a condcits 


iu, and, through suitable gearing, drive gear 170 and cam ¢” 


The do-cnergiged solenoid further insures that rotary vsive ico 


there io @ pressure balance on eacli side of large piaton 0% thus 


lviewe 64 so as to unseat same againat the action of spring Ge. 


‘ 
se} 


10 114 by brake pedal 12 is free to pass directly to hydraulio iine. 
78 ond &O to actuate the venicle brakes. Ths preesurv eensits 
jewitch is edapted to be closed by © low level of brake pressure, 


{ 
le.g., 120-125 p.8.1., placing the enti-skid unit into renadinsas 
! 


iwherein the vehicle operator applies more brake preesure than 


low 


wr 


P| 


e 


4 


en 


nwi? 


25 or terminal 266 18 engaged upon retraction of the solenoid piu 


er 
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| 
which 6ki@s can occur, @.4%., 100-150 p.e.i. for ice, whoreupon 


\polenoid 168 will recain energized witil possibility of skidding 


185-90 p.8.1. to be opened at a brake pressure below that at | 
| 


Ino lonser exists, and the solenoid is then de-energized to reetore 
jnormal foot brake action before the ,overnor has @ chance ever 

\to totally relieve the brakes. 

Regarding the operation of the governor, once the 


solenoid 188 has teen energized, the governor control unit takes 


lover. More sptcif'ically, when a skid condition is approached, 
ithe sudden slowing of the vehicle wheels causes the 

| governor assembly to collapse under the action of spring 218, 

| thus moving shaft 200 and spool 220 to rotate valve 126, this 

| movewent now being permitted due to retraction of plunger 190. 

| Rotation of valve 1206 blocks the flow of atmosphere to chamber 9J 
simuitaneously allows the introduction of a vacuum to said 
| chamber. The introduction of vacuum overcomes spring 100, thus 
jresulting in movenent of pistons 84 and 68 to the left, viewing 
|Pig. 2. This movement closes isolation valve 64, thus preventing 
ithe application of further fluid pressure by brake pedal 12. 

las the valve remains in thie position, the degree of vacuun 

| increeses, causing further leftward movement of piston 68 (Fig. 
13), so that pressure in lines 78 and 4O and the brakes are 
relicved. A point is reached when the brakes are relieved suf- 


tauiently to sllow the wheels to speed up from their slowed 


condition, the degree of relief required depending on the degree 
of olipperiness of the road. Then shafts 200 and 202 speed up 
once again, whereby the governor essembly retracts shaft 200 and 


Gpool 220 to once again rote.e valve i2u to the position where 


| {Px 150, p 30) 
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| 
! 
' 


btmoepnere ie introduced to chsmber 98 and the piston 6S aoves to 
bine right ond increases the brake pressures, until 4 part is 
foachsd where the wheels slow again and ths cycis repoata. 

nis action continues in @ hunting manner Bo long as the vehicle 
ts in an incipient skid, thus insuri:., that maxinus brake 
Lme-gure is continually applied to the vwhgel brakes short of 


ue -Buure that would cause locking of the whsels. Ome the orake 


| 
ome io released or the brake pressurc in the system has dropped 


low the minimum possible value to create # skid, hydraulic 
sedan uwitch 18 breaks the circuit to solenoid 103, whereupon 
the latter becomes de-energized and the brakes once ege#in 
lapheuie under complete control of the operator. 
| It is important to note that although loss of vacuim 
lin the vehicle system will render the anti-skid weans ineffective, 
janid loss of vacuum will in no way affect normal operation of 
the vehicle brakes. Also, it is important to note that this 
wystem can be used with foot pedal controlled brakes of both the 
powered and nonpowered types. 

while @ spring-loaded fly ball type of governor hoe 
been illustrated, and is presently preferred, the broad conospt 
of the invention inaide the use of other govérnors, ell rotary 
weight governors, such es gravity loaded fly ball, centrifugal 
shaft and inertial shaft governcrs, 88 well as governore that 
operate through electrical action, 

The concepts are likewise applicable to other brake 
systems inoluding air brakes in which valve 126 could directly 
modulete air brake pressure. Likewise it is possible to suparete 
tie governor from the valve, let the governor actuate a switch 
end ict the vaive be actuated by 4 solenoid responsive to the 


condition of the switch. 
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While use with engine Veouvs is ery efficient anit inexapsowire, 
oid wilike previous systess I heve proposed, dea not ceuse tie engine to 
rus rougnly due to loss of vacuum, the invention ie appli.eble mother 
sources of pressure Gifferentirl, incomprvesitle fiuid a6 w 1) a6 geseous 
fluid and mm-rous aepecta of the invention ere us-ful wito nonfluld typ o of 
brrke oystenes. 

Referring noe to Fige. 7 and 8, @ elig?tl, differont fora of uy 
{nvention is disclosed in wuich tLe relieving device ie incorporated es en 
integrel pert of @ power brake unit. The syatea generally coupriees « brake 
pedal 300, a msster cylinder 302, su accumulator 304, a safety valve 305,68 
hydraulic preseure switob 308, @ power biuke control] unit 310, and an 
ant’ -ekid unit 312. 

Actuation of brake pedal 300 operates pieton 314 to pump fluid Cros 
cylinder 316 to ccnd.it 316. Master ojlinder 302 further comprises a fluid 
reeervoir 320 communicating with cylinder Bld by seens of p ussgeway 322. A 
conduit 324 extenca from reeurvoir 320, tie function cf whics. wili bereinafter 
be described, accumuletor 304 ie in communication eit. comuit 318 . ad cos- 
priges a Bpring loaded piston 326 and acts ac @ cusiion and @..ock absorber 
for tie fluid #)stcem where variations in fluid pressure ocour, 

Durjng norwel operation of tio veuiche with which Ue power breve 
unit fe aseoclated, and with ti: brakes in thedr non-ectusted position, tLe 
power breke unit 310 ie in the position illustroted in Fig. 8. In thie 
position, chambers 328 and 330 of cylinder 332 are both under vacuum, thereby 
equalizing the pr-seur: on opposite aicce of piston 334. This ecnatilcs spring 
336 to urge th< piston 334 to tne leftward posit.on illustratod, esid pleton 
334 being connected by we ue of rod 332 to @ brdse cctuating platon 340. 
Piston 340 io elivaviy @oinced in oylindsr 342,8214 cylinder Ler ng on outlet 
comult 344 lcecing to sefety velve 39c. Conduit 344 Le aise dn Commenicati on 


wits hydraulic pressure ewitch 308, 
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am Gupply of hydreulic fluid te loveted in cylinder 342 “hereupon 
movement of piston 334 against tie action of spring 336, amd corresponding 
movemsnt of piston 340 will force fluid frow cylinder 342 under pr -soure 
through conduit 344 and with velve 306 in the position illustrated in Fig. 6 
to conduit 346 and then to hydrsulic lines 346 woiat lead to tre wnee) 
oylinéers (not ehown) of the venicle’s breking eystes. Thus it will be seen | 
that movement of pistons 334 and 340 to the rignt, viewing Fig. 6, will ‘*"1ce 
@eration of the vehicle brakes, 

As bereinbefor: indicated, under norms] operating conditions of tus 
veniole, and witn ti« brakea not applied, piatona 334 and 340 are in the 
position illustrated in Fig. 8 due to the fact that 6 vacuum exiate in both 
chaaters 328 and 330. More aero HE ta suction from tie intake uanifolc 20 
of tie vehicle pagees through Sout, 392 into oneaber 330 and tren through 
paseugeway 354, throug) open.ngs 346 in diapnregwe 3586 to anduit JW, througs 

otery valve 362 of the snti-ekid unit 312, trrougn conduit 364 and tien to 
chamber 328. The control unit generelly ahown et 306 wenien forse @ part of 
power broke unit 310 i@ of conventional form and conpises tin aforesaid 
Giaphragm 358, hydraulically movable by means of piston 368 to @ closed 
position wherein the diaphragm engeges the fixed seat 370 to blovk communica~ 


tion between passage 354 and conduit 3460. The piston 368 also controls gove- 


ment of poppet valve 372 normally maftained closed by spring 374. Spring 376 
normslly urges diaphragm 358 to its open or unseated position, as illustrated 


in Fig. 8. An atmosphere inteke ie located at 378, end introduction of atmos~ 


phere into tue esystes is controlled b: valve 372 in « seanner now to be 
described, 

As ebove indiceted, with the parte in the positions illustret+d ino 
Fig. 8, the brekes of the vebicle are non-operative Gur to the fact tieat 
guction ia free to circulate througb coméuit 352 to chemter 330 end tien 
through control unit 366 to conduit 360, through rotery velve 302 to condult 


364 end tien to .heeber 328, With vacuum on both sides of piston 334, 
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| 
| 
| 
cpring 336 maintains the pists 334 and the conmected brake actuating piston | 


in brcke release position. Upon actuation of drake pedal 300 by the operator, 
preaourised fluid passes through occnduit 316 te conduit 300. Wits the 

csfety valve 306 im tne position illustrated, flow of the fluid into the 
valve ie blocked, end hence the brake fluid ia forced to flow throug 

comuit 380 into tre brake control unit 366. one of the fluid from tne 
pedal is allowed to reach the broke setustors et 3438. 

Introduction of the prvesurised fluid to the brake control unit 366 
causes actuation of piston 368 to move diaphregm 358 to its closed or acated 
position end to simultaneously open poppet velve 372 in a conventions] wanner. 
This eoveaent blocks commmicetion between chamber 330 end conduit 360 and 


Gimulteneously allows eir to enter through inlet 378 through the now open 


valve 372 to conduit 360. The atmosphere circulates around conduit 30 torou::) 
Valve 362 to conduit 364 and then the chamber 328, The introduction of atsos- 
pherio pressure to chamber 326 croates a pressure differential which overcomes 
epring 336 and moves piston 334 and piston 340 to brake eotuseting position, 
More epvoifically, the govement of piston 340 in cylinder 342 forces the 

breke fluid through conduit 344 and ssfety valve 306 to sondult 346 end 
hydraulic breke lines 348 to actuate the vehicle brakes in known feshion. 


In order to insure that there is alwaye an adequate supply of 


breke fluid in cylinder 342, conduit 324 connects fiuid rceervoir 320 to the 
cylinder 342, it being important to note that the inlet 362 to the cylinder 
342 18 located behind the forward portion uf piston 340. Piston 340 is 
provided with « one-way valve 364 which enables fluid to pass throrch the 
pieton from left to right, viewing Fig. &, but which blocks flow of fluid 
through the piston from right to left. Thus, during operation of the 

Piston 340, the suction created thereby in cylinder 342 evokes fluid tirvuge 


conduit 324 from reservoir 320 into cylinder 342 om the roar cide of pleton 340) 


During the return atroke of piston J40, tle valve 384 sliowe a a to poss 
fut 
through tue piston, thereby insuring that there .@ always rem Oupply «af 


fluld in the cylinder for trake eotustion, 


{PX 150, p 34) 
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Since tho structure and operation of hydraulic pressure owitcn 30% 
ard cnii-ekid unit 312 ere identical to that already described in conswotios 
with the firat form of ay invention, it ie mot thought tet further descrip- 
tion ie neceseary, It will be noted, however, tnat where the operetor 
epplics more breke pressure tien is required for a particular roac surface, 
the velic?s wheels will lock, whereby the same @tiructure end operations) 
@eque-@ till ceuse rotary valve 362 to be soved to a positing wiovrein 
cordult 360 becomes blocked and conduit 3524 becomes open to allow suction 
from manifold 350 to be introduced tirough conduit 364 to enaabder 526, 
thorcupon spring 336 will onve egaim take over to releese the brakes. The 
Game coduleting ection ae aforedescribed will take place until hydraulic 
prescure ewiteb 306 eventuslly renders the anti-aiid inoperative, 

In accordance with ay imvention it ise crusial that tre ontire brake 


pre#sure be controlled by the anti-ekid unit end that no fluid be conducted 


Girectly from the foot pedal to the ehcols. Moana ere proviced to insure ther 


brake pres@ure will not be lost suoulé there be « lows of suction. Thie is 


accowplished by safety valve 36. More specifically, comdult 3523 is oonwate 


to the au ‘on conduit 352 whereupon as long as proper suction exists in te 
syotem, piston 366 is mmintsined in the position illustrated in Fig, 6 
against the action of spring 388. | Im thie position, conduit 344 ie in 
Gommuniostion wit:, conduit 346, but sonduit 38 ie blocked at ite extreaity 
sdjecent tue safety valve. Should guction be lost in the system, opring 366 
Will become effective to move piston 386 upwardl), thereby blocking tue 
Communication between conduite 344 and 346 end at the same time pr-viding 
communication between conduit J60 and eomd. 3 346. itd the safety valve in 
thie position, the brakes are directly controlled by operation uf pedal 300 
since the entire power unit is now by coed, 

A one-wsy c1eck valve 390 te lovated in sondult 392 adjacent 
the intake manifold 350 since without seme beckfire of the veniole engine 
would cause an explosive pressure to be introduced to the power unit, wiuten 


vould be unfeagirebdle for obviow reasons. 


32 [Px 150, p 35) 
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Referring once again to Fig. 4, ic will be noted 
that should the vehicle move in reverse, the direction of 
rotation f£ drive shaft 142 will likewise be in reverse, 
thus causing reverse rotation of flexible shaft 164 and 


.) 


shaft 168 Reverse rotation of shaft } will, in turn, 
cause reverse rotation of drive gear 170 and cam gear 222, 
causing pin 228 to leave stop surface 227 and move toward 
Stop surface 225, which, as previously described, causes 
gear 222 to slide on shaft 202 in a direction away from 
partition 180 to close swi 234 and thus activate the 
§0vernor control and anti-skid means. Even t.ouph ic is 


possible that very slow reverse movement of the vehicle 


might not be sufficient to cause movement of cam gear 222 


to activate the governor control, the fact remains that ther 


is always the possibility and even likelihood that reverse 
movement of the vehicle will activate the governor control 
even though no skid condition exists. Since there is no 
practical need for any anti-skid means when the vehicle 
is moving in reverse, and since the activation of these 
means when not needed might even result in the loss of 
some stopping distance, it has been found desirable to 
provide means for rendering the BOvernor control and anti- 
skid ineffective and inoperative when the vehicle moves in 
reverse, 

Referring to Figs. 9 through 12, a somewhat modi- 
fied anti-skid unit is shown generally at 400. Unit 400 
is basically the same as skid-sensing and contro) means 24 


hereinbefore described except that a reverse cut-off switch 


(PX 1&9, p 50) 


' 
| 
| 
| 
| 
| 


has been incorp 


of solenoid |Mote' 


and flexible 
direction. Th 
402 (Fig. 10) 
shaft 164 as 


drivingly engage 


journa 

. / 
portion 4& 
of portion 410 
shoulder 2 at 


in portion 41( 


resiliently urg 
The opposite 
cortact ¢ 
therefrom, 
Adjacent 
fixedly mounted th 
said gear meshi 
hereinbefore d¢ 
to normally urge 
and 10, thus cau: 
enlarged portion 


contact button 41 


mounted on shaft 
acircular plats 


mounted thereo 


located ad 
cam pin 434 extend adially f1 
to cooperate with 
axial position of 
shaft 404 is rotat 
viewing Fig. 12, cam 
at the low point on 
in this position, 
trated in Fig. 9 wherein the 
engagement with contact button 
that spring 422 is somewhat 
whereupon the extremity of shaf 
into enlarged portion 410. Upon clo 
shaft 404, pin 434 \ 
until it reaches the 
the opposite side of p pin 


In this position,shaft 404 has been moved 


(when viewing Fig. 10) against the acti 


sufficiently for the end of said shaft 
withdrawn from enlarged porti 

shoulder 412 prevent 

out of enlarged porti 

shaft 404 becomes di 


clearly illustrated 


is a washer 436 havi 
the purpose of which 


be seen most clearly 


| r 
| ‘ 
1) ’ 
a | it | +4 } , 
| 
on shaft 404 adjacent the flat re 3 ' 
| it being understood that shaft 4( f i te t 
| 
| washer 436. A cam th t ashe dy 
| peripheral ring portion 442 anc bent marginal ’ 
5 | resiliently engages the opposite face 428 of cam 4éf 
| 
| whereupon to resiliently urge cam 426 int ngagement 
| 
| washer 436 and at the same time to impart sufficient 
| frictional drag on cam 426 so that i 
}) 
|} will not impart corresponding rotar nt tect m 
10 | until pin 434 moves into engagement with stop 1 4 
| The thrust washer 440 has a radially ext sprit 
| 
' arm 446 that is secured to the hous by any suitable 
, means, such as by having the end « t ing arm cl ed 
\ 
| between adjacent portions of tt ing, t 
\| 
15 || in Figs. 9 and 10. 
at! Se cae 
| 
| The operation of reverse Y j as follow 
' 
| 
| Assuming that shaft 404 is being rotate 1 counter 
| : ‘ ‘ t 
| clockwise direction, which for purposes of this description 
| 
l 
| corresponds to forward movement o! the vehicle, the switch 
| 
20 | will, as afore stated, assume the position {llustrated in 
| Fig. 9 wherein shaft 404 is making engagement with contact 
H > vB 
| 
f button 412. With the parts in this posit 1, and asst n 
| ; , i 
} 
i that a skid condition cx: ences to exist 1using cam fea 
i 
| 
i ‘ 7 t 5 } } 
222 to close switch 234, currert will f) tl igh Li ( 
{ 
25 || to terminal 420 througl t f +16, 
| ; 
| contact button 414, and then to i ' is 
| viously described, is in engagem it t butt } 


| Shaft 404 is in turn in elect 
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436 and 4 radially extending t 43 oth dire 
and through |e engagement of pin 

gages cam 426, which in turn bears 

Thus, the flow of current is through 

then to line 262A, which connects to grout 

This, along with line 256, completes the 

solenoid 188 in order to energize same and render the 
Governor control effective, all i manner hereinbefore 
described. On the other hand, should the vehicle move 
into reverse, thus resulting in cli ise rotation of 
shaft 404, cam 426 will cause the shaft 404 to retract 
and become disengaged from contact button © s illus- 
trated in Fig. 10, thus interrupting the connection to 
8round and preventing energization : noid 188. It 
will thus be seen that whenever the vehicle and its drive 
shaft moves in reverse, the reverse cuteoff{ switch 402 
will automatically prevent the skid sensing and control 
means and the governor contro) from coming into play. 
Thus, the vehicle brakes will always be under normal and 
direct control by the operator whenever the vehicle is 
moving in reverse. 

While there is shown and described herein certain 
Specific structure embodying the invention, it will be 
manifest to those skilled in the that various modifica- 
tions and rearrangements of the al may be made without 
departing from the spirit and 
inventive concept and that the 
particular forms herein shown 


indicated by the scope o 


| 


- WwW 


uw 


| 
| 
| 
| 
| 
| 


i 
{ 
| 


} 
| 
| 


} 
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bp 
ip A control system for operating & vehicle 
uv 


control system comprising the combination of an inertia-respon 


wheed 


| brake -relievang, device for the purpus¢ of preventing 5Kidsb, Beic 


means adapted to respond to @ sudden decrease in the speed of 


| rotation of the wheel and thereupon to initicte the operation 


of 


paid relieving device, a rotary governor means adapted to rotate 


‘saeniiamataiiied with the speed of the wheel and adapted after said 


joperation is initiated by sald inertie-responsive means to 


correspondingly vary the condition of said relieving device, to 


decrease and increase the brake pressure dependently with decrunre 


and increase in the speed of the whvel, end a reset means adapt 


to respond to a predetermined, decreased spewed of the venicile, 


to terminate the operation of said relieving device, and reset 


said inertia-responsive means seo that it may again initiate sal 


operation. 


ly 


2. The system of claim 1 wherein said reset means 


| inciudes a pressu’ s-responsive means, adapted to respond to Be 


odapted to produce said lieve. «hen said vehicle reaches said 


levoi being below the lowest level which the governor means car 


produce when said venicle traveis at speeds in excess 


predetermined speed. 


of said 


41] 


d 


| predetermined decreased speed, said predetemined brake pressure 


] 


| predetermined decreased brake pressure level, said governor menns 


Live 


L334 


3. The systen of claim 2 wherein said inertia-responsive 
reens that initiates the operaticn of said relieving device is 
csgapted to operate with electrical power, a power source for said 
inertie-reaponaive means, said pressure -sensitive means being 
udepted to sewitcn off said power source fro. said inertis- 
responsive means when said brake pressure is at or below srid 
meedetermined level, to prevont the operatica of said relicving 
Gavice, and said pressure -sensitive means edepted to switch on 


vaid power source to said inertia-responsive Gevice when e#oid brako 


preabure 16 above paid predetermined level, eo that said control 
|| syatem 18 placed into condition for operation whe ever the braices 


ere operated. 


4. The syste. of claim 2 wherein waid reset menns 
comprises & pressure-sensitive switch set to respond to @ prd~- 


determined brake pressure below that brake pressure which can 


jcause skidding of said wheel on iow. 


delta 


5. The syeten of cleim 1 wherein paid imertia-recp mis 4 
bis includes a control member associated witn eaid povernor, 
said member normally urged to a first state to prevent seid 
Lowernor from operating said relieving device, & solenoid aesocis- 


od with said governor control member, adapted when energized t& 


- said control member to an inactive state to free poid governor 


\ 
tro operate, 8 ewitch-actuating member edapted to be moved undcr 


} 

tne influence of the rotary inertia of said governor when paid 
lunee) changes speed suddenly, said awitch-actuating member edapted 
i\ 


po ciose and open & switch depending on whether said wheel is 


plowing down or speeding up, said switch udepted, when closed, to 


Innorg, ize paid solenoid, and wherein a holding means 18 provided 
ko retain said solenoid energized when seid ewitch thereafter 
eS and pald reset means is adepted to de-energize said 
polenoid, to allow said governor control member to return to caid 


first state. 


: 

| 6. The system of cleim 5 wherein said governor control 
| 

poser comprises a plunger disposed within the coll of said 


solenoid, and seid holding means comprises & second switch aosocia- 


lked with said solenoid, positioned to be engaged by seid plunger 


whan in the inactive position, paid switch adapted to complete tne 


swerving to maintain said solenoid energized when solid first switch 


opens. 


| 
| 
| 


joircuit for said solenoid independent of paid first switch, thereby 


7. A skid control aystem for a preasasure-operated 


} 


| venicle wheei brake, the pressure at said brake normally controls 

| by the driver of the venicle, said control system comprising on 

ll anti-skid means adapted, on the occurrence of a skid condition 
during braking, to repeatedly decrease the pressure at tne 


|; vehicle wheel brake dependently with decreass in the speed of the 


i 
|jwneel, and a pressure-sensitive switch set to detect the decreimne 
iH 


|of tne pressure at the wheel brake to a predetermined minimum 

} 

| level, and thereupon remove the infiuence of said anti-skid mecno 
| 


|| and return to normal controi the pressure at said wheel braks. 
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8B. A control appsratus adepted to control broking, of 


chicle wheel during skid conditions comprising # rotary weignt 


| 


i overnor device adapted to rotate dependentiy with said wheel, 


jwaid governor device having @ member ac apted to move betycon a 
‘cirst position and 4 second position dependently with chun-es in 
lene ppeed of rotation of paid governor device, & brake prcsunure 
control means responsive to said novesent to relieve paic brakre 


| 
when paid member ie moved toward the first position with cocreate 


in wheel opeed and restore the pressure of said brakes wren caid 


member is moved toward the second position with increase in wheel 


lspeed, a restraining means operable between an active state at 
londien it maintains said member of said governor in said second 


jposition at which the brake pressure is under ths control of 
ivehicle driver, and an inactive state at which it sllows said 
i } 


|| governor member to move, and means adapted to place 6ais ».Gotrein- 
1} 


| ing means in said inective state when 4 wheel skid condition first 


| occurs, the improvement wherein means are provided for maintaining 


{| 


}said restraining means steadily in its inactive state, once paid 
|inactive state is reached, to allow said governor to move said 


|| member repeatedly between seid positions, dependently upon the 


specds of the wheel, whereby the brake pressure can be controlled 
at a level near but below the pressure at which locking of the 
|| whee ocours, and reset means adapted to reactivate said reatrains:! 


means when the vehicle slows, before it has stopped. 


y. Tne control apparetus of claim 8 inciuding a rotery 
valve associated with said governor for controlling said brake 
loressure through @ gas pressure conduit, said rotery Va.vy having 
a rotary member adapted to vary the pressure in said conduit 
idependentiy with changes in its rotary position, & projection 
licxtending from said rotary member and mechanically connected to 


llubaid movable member of said governor to cause peid rotary monber 


to move dependentiy with said governor member. 


10. The control apparatus of cisim & wherein said 


rotary wéleht governor is of the fly bali type having 4 roteateabl 


| 
ehaft free to move axially in response to speed changes, ana onid 
restraining means comprises & movable plunger, in its activo 


condition urged against said shaft in @ manner to prevent outward 


reopond to the rotary inertia of said governor when paid wheel 


| 
| 
| 
|povenent of the iatter, said inertia-responsive means adepted to 
| 
| 


clows, end a stop member limiting the moverent or said movable 


plunger so as to prevent engagement with said shaft at relatively 


| 


‘high rotationa. speeds due to axial movement of said shaft inward); 
\to a positionat of the range of seid movable plunger whereby 


frictional drag 18 appiied by said movable piunger to seid shaft 


| 
only at relatively low rotational specde. 
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ll. In a skid control system adapted to control brake 
| presoure upon a vehicle wheel brake, toa pre@sure at caid brax 
normally controlied by the driver of the venjcie, said system 
licomprising @ vaive and a skid control device] adapted to contro4 
waid vaive, said vaive connected to @ brake control cordult the 
|| Pros sure in which determines the value of He breke pressure, e#Ale 


vaive edaepted aiternatively, dependent upop the position of tne 


vaive, to cause said condult to cciunseate with two puesages, tne 
| pressure in said first passage adeptcd 7 be maintained at a 
Ifirst value, and the pressure in said second paesage edapted to 
be maintained at a second, different veaiue, said systen edapted, 


when the pressure in caid condult reaches said first valve, to 


llenable normal application of the brakg pressure by tne operator, 
| / 


1! / 
land when the pressure in oaid conduit) reaches said second value, 
i 


lto substantially totally relieve thd brake pressure, the improve- 


| 
| 
| 
} 
} 
| 


jment wherein said system 18 construfted and arranged 80 that 


|| pressures in said conduit of interpediste values between said two 


|pressure valued produce correspondingly intermediate brake pressure 
} 


lvaiues, said skid control device ing dlrectly responsive to the | 


| Speed of tne wheei and adapted t effect a governor action to 

| open pold conduit to said first/passage at normal operating whee. 
‘uae and open said conduit td ssid second passage at scubstan- 

; tially alower wheei speeds, upgn the occurrence of a skid condi- 

| tion during braking, seid skid control device adapted, due to iis 


| povernor actaon, to connect seid conduit with said second passage 


{ 
| until the conduit pressure reepnes an intermediate release ievel 
let whicn oaid whees incresnes peed and thereupon, in a rapid, 


{ 


| repeated hunting movement to eiiternately connect seid conduit to 


| Sure 16 @ vacuum, the wheel br 


Suid firnt and secom parsages whereby said conduit pressure can 


| firet be caused to change from said first pressure to suid inter 


odiute reilef pressure, and then to chan in o@ modulating 


manner ebout seld reicase pressure as o 


to said first pressure. 


12. The apparatus of claim Ai wherein aid first and 


cecond pressures are gas pressures ani seid first passage is open 


| to the atmosphere whereby normal a A of the brakes is 


ensured during @a skid condition sh a the power source for said 


| ond pressure fall. 


13. The apparatus re i2 wherein said second pres- 
2 


ie operated by a hydraulic 


| pressure 4ine and the pressure in geid line is controlled during 
| Gkid conditions by a piston vice responsive to vacuum, valid 

|, Pleton having 6 Bmoll nydrawile pressure piston portion disposed 
| in @ corresponding cylinder/, adapted to relieve and @pply nydrauiic 


|; Pressure at the brakes, ang a relatively very iarge piston 


| portion disposed in aco esponding cylinder exposed to the gas 


|| pressure of said condult,/at least some of the area of theo 


opposite side of sald iarg piston being vented to atmosphere, and 


Spring moans biasing said) piston device in the direction to &pply 


jhydr@uiic pressure. 


| 
| 
| 
| 
| 


44. ,he apparatue of cloim 11\for use in a cloved 


circuit hydraulic system actuated by a mgster cylinder, navin 


j}and & variable volume cylinder rvasponsiye to said conduit preroure 


‘for varying oaid hydraulic pressure at /ssaid wheel brake, whercin 
' 

|eaid moduleting conduit pressure is sdapted to correspondingly 
modulate said variable volume of eaid/ cylinder and means ere 

| 


|proviced to maintain said isolation falve closed throughout ths 


|period while said conduit modulates/the volume of said cylincer 


inoiotion valve between said master cylifder and seid wheel brile 
| 


and thereb, mid hydraulic pressure 


m 
i CQ. 15. The system of claiy il wherein the movable nember 
lof Bnid valve is rotary end compzjires an elongated member, tio 
|boren extending generally cone taii through caid member, 


jlocated at different pleces aloni; ite length, each of suid bores 


jhaving, an elongated crogs-sectign in the direction of elongaticn 
lor exid member, said member bei rotatable between ono position 
lwhere the supply side of one of|enid bores communicates with 
}\Baid first passage while the other bore is closed, and @ second 
|position where the supply side tne other of sgaid bores commwii- 


jcates with said second pacsage while the other bore is closed, 


each of said bores discharging ta said brake control conduit. 


welreht gover: pooviced 


operation of iing normai ofaration 


pressure, 


In an anti-ckid 
ans normally controliing prvesure 


brake through 4 hydraulic separate 1 


to réileve the 

epperatus adeptca control eaid relieving cov2 
relieving device comprising an isolation velve cdupted 
|noroally but ebie to 


effact of normal) control beans adepted to relieve 


the fluid pressure at suid wheel Lreke, Ct id isolztion 
tncluding a movable member adupted to vect to prevent pressure 
tnm4 o6id relieving means 


communication to said wheel orékse, 


comprising a piston disposed in a hydraulic cylinde-s, 
cylinder in communication with said hydraulic line at a iocation 
LO harper 8 h-6r7t 


butween said wieel brake goid insolation valve, 


viwwede said piston to, adapted to directly operate caid isolation 


l\velve, foid piston having @ proJjoction adapted to envage said 


woveble member of said vaive, to position said movabie meuber 


lan unseated position and to allow said momber to ocat dependent 


upon the porition of said piston, said piston being movabie beyond 


position at which caisd mecper is sliowed to seat, to reiicy 


pressure st said wheel brake wnen gaid isolation velive ie in 
|| Geniing powition, seid control device adapted to regu ate the 


no wiile seid movable member is seated, 


| 
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16. The apparatus of cliim 17 whervoin said piston ik 

' 

ep ei by @ BPring to position reid rovable wenber in the unseavca 


lposit..on, in &@ menner to perform & presuure iiniting function, 


'eaid cpring having a predote: nined offeative force that 18 less 


llthan the maximum force that cen Ke eppiied oppositely on said 


Imezsaber by said normal hydraulié précoure, Kilereby, when seid 

! f 

max Jicua hy@raviic pressure i6 appiled, paid spring can yield even 
| Fd / 

jwhen skid conditions do not exist, a) Gllow void movabie member 
|to beat, to prevent 0334 naxinws pressure from being communicated 


|to caid wheel brake thereby limitjig the emount of brake presrure 
| / 
}that must be reiieved when @ Kid condition occurs. 


| / 1 | JH 
Sh; In on anti-skid cystem udapted to relieve flyiay 
Che Sota vtheck +: 


| presGure appiicd by &n operetor to-e “hae. brake on the occurrenc 
} -~ 


| of Bkid conditions the improvement compr:. sing a resiliently loaded 
| fluid pressure Limiting device connected to the fiuld pressure 

j line and constructce end orranged to limit the pressure normally 

| applied by the operator to the wicel brake to a predetermined 
‘epeeapeines devel, said ievol being loss than the full pressure 
applicable by the operator, whereby, a8 a skid condition oocurs 
when the operator jams on his brakes to the full extent, said 

| anti-skid syeten is eble to stop the skid without having to reliev 


the full pressure applied by the operator. 


- 


| 


-T “oo meen met key 


| \ 


20. For use in on anti-ckid system for controlling 


| 
| 


ted with tne aneelis of the vehicle, caicd) 


sotor vehicle brakes of tne type having} brake actuetora asiiocia~ 


@ctuators causing, the 
lprakec of the venicie to be appiied in p ene to introduction 
bf fluid under pressure to said oe 8, and @ menster cylinder 


having a fiuid supply tnerein and meany for ceusing said fluid 


to be forced from said master cyiinder/ to normally control tie 


jappiicationh of said wneel brakes, a byfake pressure control device, 


\Iseid couttol device comprising a cylinder earn piston, means 
| 


responsive to the introduction of atf o.spners to one gide of caida 


piston for enabiing pressure to be @ppiied to said brake actuators, 


linnd meens responsive to the renee onan of vacuun to one olde 
| 
llof the piston for Automatically pyeventing said maoter cylinder 
| 
from influencing 8a/d brakes actustors and relieving the pressure 


jiut said actuators, valve conteyliing bald control device, said 
valve movable between first and /second ponitions, said valve at 
uaid firet position supplied with atwospheric preseure at lorst 


| 
| 
| 
} 


whenever said master cylinder $6 sectivated, whereby only stuospners 


can be introduced to said cylifder by said valve when seid vaive 


jis in said first position, sesd valve at said second position 


pupplied with suction, means formally maintaining said valve in 


coid firet position, oat ieast whenever sald master cylinder is 
activated, means responsive to the presence of a skid condition 
for automatically moving saig valve to eaid second position to 
epply suction to said system) and eaid system adapted to establish 


| direct communication between|eaid master cylinder and said 


hydrwulie actuators should tije supply of vacuus fail. 


- 


wow cr Ow fF w Ww 


~ 
co 


Ht 
|ipecond positicn, retaining uoans /normally maintaining said second 


i! 21. Tne system of cloiu 20 furtilor characterized in 
| 

| ] 

that the means for moving said vaive comprikes én enti-skid wniit 
jnaving @ firet shaft, & cam goar mounted or gaid first eh ft end 


‘axially moveable witn respect thereto between a first and second 
abStine, means normelly maintaining said kam gear in ite said 
pirat position, a second gear in mesh “oe said cam gear, said 
jsecomi gear being driven by the vehicle drive train, @ secon 


iGhart in axial aligrment with grid fire 


shaft end axially 


movable with respect thereto betwoen o/firat and second position, 
| 


| 
rotery weight governor means intercon: 


acting said first and second 


| 


jwhefte whereby the rotational spesd ‘i éaid first shaft will 


| 
jaeterming the axini position of said .ocond uhelt, the relation 


|being such that ao the epeed of esatd first sneft decreases, said 


governor means will tent to nove gaid second sheft to ite enid 


} 


Shaft in ito said first position and preventing its movensnt 


toward its second position, can/ means recponsive to a sudden 


' 
| 
|'@lO® ing, of said second year vs causing movement of said cam 
i 


gear to ita said second position, actuator means responsive to 


‘movement of seid cam gear to its eaid second position for render- 


ing said retaining means inoperative, «nd means maintaining seid 
retainin; means inoperative ‘a & predetermined interval after 
Bald cam gear has returned td ite said first position, said vaive 
being operatively connected to said second shaft whereby axial 


movement of the latter causeH movement of the former. 


\ 
22. Tne system of clelm siete cheracterized in 
thet said valve means comprise gx rotary valve, end a projection 
| e 


” 


H os 
lextunding from said rotery valve into engagement with seid second 
ba 


| 
| 


|jahait, whereby 5 <al movement of the latter causes rotation of the | 


23. For use in an tomotive bDreke system employing. 
ie breke pedal and master cylinder to normally control brake 
Ht 


| pressure at a vehicle wheoy braks, sensing weans to sense a skid 
y 


/ 
! 


\ condition, control means /responsive to said sensing weans end 
i} Ps / 
@mploying vacuun produced by 6816) vehicie 48 & power source, 


/ ( 
|} 621d control means adApted to relieve the pressure of the brakes, 


and utans reoponsiv ‘to loss of staid vacuum adapted to place 


ceid master cylinder in direct communication with said wheel 


/ 


/ 


| vbralce. 


(Px 150, 


} 


2h. The apparatus of cial 


lnmeand if incorporated in a power unit 


| , 

ipressuxe in response to said brake py uoid power unit 

} 

leonstructed to prevent any direct commu ton between tne 
brake pedal preseure and tne whe¢ brakes when geld engine 18 


| 
‘¢ 
L 


loperating, and & two-position Yalve adupted at one pos. 


connect said brake pedal pregsure to control said power 


gaid power unit, meane causing the vacuun 


i 


25. An anti-skid device comprisiag 8 vaive for con 


litroliing the reiief and application o} brake pressure, and con- 


tro. means responsive to skid conditions for actuating said 


vaive, seid control means capable of /producing only & dimited 


actu&ting, movement and said valve comprising a rotary velve 


\penber edapted to alternately cagnect a brake control condult to 


| firet and second paseages maintained at different fluid pressurocs, 


(6aid valve member comprising/ en elongated rod, first and second 


ljaxdally spaced-apsrt passag 


/ 


sHBBageWways h@s'ing & Crose- 
] 


tion of a length exceeding 
in ene position adepted to 
|| panpege wniie sealing said 


| rotary position adapted to 


ewaye tnroush said rod, each of said 
section pigenes in the axial direc- 
the diameter of said rod, said rod 
connect sald conduit with said first 
second passage, and in a second 


connect said conduit with said conduit 


with said second paseage while sealing said first passage and 


| n@ana connegting said vaive member for rotary movement between 
/ 


| faid posifions in response 
| / 
|| control /aeans. 


/ 


/ 


to said actuating movement of said 


1 | 26. In a wheel brake anti-skid yn! compr.bing 
2 em and an inertia-responsive means fontroliing the écr i 
3 lot eaid governor, said governor having A drive gisft und fait } 
i | 
4 || inertia-responsive means including e@ drive member mounted on 
i] 
5 said snaft, driven dependently with/the speed of the wheeli ans 
6 | arranged to drive said governor, while ailowing ssid governor to 
| j 
7 rotate a limited amount reletive timreto cue to the inertia of | 
| 
‘e) |\sata governor wnen eald drive pember changes speed, and ineans 
9 actuated by said relutive moyenent on deceleration of said drive | 
10 |penber to activate soid governor, the improvement wherein oe of | 
1l said shaft and drive member has 4 redyeily extending projoecticn | 
12 and the other has two ercuately cpaced=apert stop surfaces that | 
13 are eadepted to engage said projection when accelerating torque | 
14 jand the other when décelerating torque 18 to be applied to su 
15 l governor by »@id dvive member, the spacing between s8aia Stop 
1} } | 
16 surfaces Ailowing relative rotery movement of said projection | 
17 | rom one stop Furface to the other, and means exerting & pre- 
18 | determined torque to urge said projection into contact with the 
19 || atop surfacd that 16 engaged when accelerating torque is applied 
! 
20 | to oaid governor to limit the freedom of said projection fron 


/ 


Imoving t& thea other stop surface. 


/ 


/ 


¢ 
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B 

2, a enti-ekid unit for praessure actuated welole brakes oompriai: 
a pair of align-d g..efte, means connecting waic aefte for rotation «se a unit 
witn ons of said shafts axially wovable with respect to the other, governor 
Beans connected to seid ehefts, ssid governor G@eans being edaptud to cuuse 
wovement cf said sxiolly moveble cheft in response to variations in rotational | 
speed of caid shafts, drive weans operative iu respons: to rotation of the 
vehicle whoole for iuparting correaponding rotetion to saic shafts, valve 
means moveble between a first position wherrin said vehicle brakes way be 
applied and a second position wier@in said brakes ere autometically released, 
means controlling movement of said valve aeans in respons. to axial aovenent 
of seid enieli> sevens enaft, @ normally deenergized evlenoid having o plunge 
that maintains geid exielly moveble gieft against axial movement and in se 


position whercin said valve menns is in ite eaid first position, ano meens for 


| 
| 
| 
| 
| 
| 


| 
j 
' 
} 
i 
‘ 
! 


energi#ing said sol@m.:é to r€trect aaid plunger end release eaid exiaily 
wovatle shaft for arial movement under tiie control of eaid governor weens, 
Said energizing meane comprising a first ewituh, cam means automatically 

ectueting seid firet switcn in response to sudden Glowing of said veniole 
wheels and said drive seans, end # second switch eutomsticully actusted by tue 
@olenoid plunger when th» Latter ie retrected to maintain the solenoid ; 
/3 | 


ensrgizeo after seid first switch opens. 
/ 
if ; 
8, Se epti-skid unit of cleia 27 farther characterised in tiat 


' 
eeid enrrgizing acina comprises e@ third switch, said third switen being closed | 
by the presence of fluid prewssur. in th: eystea, seid solenoid remaining 


energised until fluid prveeur in tre eystea drops below ths predoternined 


value tv open eid third ceitoh, 


/ 3 


at. euti-ckid unit of clsinuey further chaiecterined ir tnet 


resilient means ere provided for urging eaid celenoid plunger into fricvional 
| engegowent with said axially covable shaft wnen tne solencid is Geeuerpicad, 
thereby imparting a frictional Grag to seid axially movable siseft éuring 


rotation t.ercof, and stop means Limiting tre extent of @ovemnt of scid 


plunger toword said sraft so as to prevent engagement therewith et reletively 
higb rotaticnal speeda due to arial eoveuent of gaid ebaft to a position out 

' 
of the range of said plunger by ssid governor mans. 


30, A braking eystes for motor vebicles of tho type wherein 


preas.ro actustors are located adjacent the wheels of tue vahicle, said sotun- 


tore causing tue brakes of the vehicle to pP@ Gppli-d in reapona- to introgus- 


tion of fluid under preesure to said actus Ta, GGic system comprising & caster 


cylinder having @ fluid Bupply therein enfi wens for causing fl.id to te | 


pumped from eaid master cylinder, a direjt line intercomoting said easter 


cylinder and said actuators, se valve in faid line, movable beteeen a fires | 


position wherein the line :¢ Opn, thus Allowing the vehicle's braxes to be 


operated by said pumping Beans, and « decom position wuerein aaid line io 


blocked to remove control or Said brakes frow gaid puaping means, resilient 


means adapt+d tu urge said valve to . 


® B8id second position, movable control 


beens normally maintaining said valvd in ite seid first position, said control 


means coaprising e cylinder and pistbo, seans responsi.e to the introduction 


of stmoephere 


Geintainkg geic valve in ite said 


to one side of said pfeton for Roving Game to 2 first position, | 
fet position end sans Tespomsive to the 


introduction of suction tu @aid ony aide of said picton for Goving same to 


@ oecond position p.rmitting seid 


alve to move to its said second position 


under the influence of said resil 


ON eaid ectustora when eaid contrd) meang end velve er: in tleir aforesaid 


Mecom positions, end an anti-eki Unit Leaving weens normally introdu- ing 


atucuphero to #a.id one gice of wc 4 p.eton, @aid unit furtoer Comprising aeans 


| 
nt weans, means relieving fluid pressure | 
{ 
| 
{ 
| 


Sutomaticeall, reeponsi.e to the bfeg@ence of & ekid oundition created by avuiden 
Slowing of the vehicle wreele tc lock tue flow of etsosphere to said on+ aide | 


Of 641d pluvon and ty fatrou ve eulticn t ereto, | 


A 


22 


23 


31. The syeten o 
enti-skid unit cowprises a 
shaft end exielly movable 
position, means oormally ms 
@ accond gear in aver with 
tre vehicle dri e trein, a. 
aheft and e: ‘sally eovabl- wv 
pos'*ion, governor neanuy in 
the rotational speed of sai 
of seid Becona siiaft, the r 
shaft decr-eses, said gover 
ites said secon position, r 
aneft in ite oeid first pos: 
position, vam means respons: 
caucing @oremont of gaid cu: 
means reaponsive to govemon' 
for rendering seid retainin: 
retaining means inoperati.e 
bag returned to ite seia fi 
between @ first position wre 
Bide of eaid piston and a ase 
ther to, oaid rotary valve t 
whereby axial movement of tr 

32. To systems o1 
ized in that sald reteining 
means en electric switoh, at 
switch by seid cac geer caus 
Plunger of thy letter to ino 


mutiwati elly ectusted in re 


electric circult elao coupri 


presence of predetermined £1 pressure in tie brake systes to close usid 
ciroult, said pr-seure awitgh and waid ewintaining acena functioning to 
caintain eaid ciroult enengised until tie fluid pressure in the syatew falle 
below said predetermined fvalue. 

33. <A power brake system for wotor ventoigh comprising a plurelit, 
of hydreulio brake actustore, a master cylinder baytug a fluid supply therein,, 
weans for causing fluid to be pumped from said apoter cylinier, a powsr brake 
unit baving a first cylinder end piston means sividing said oylinger into 
vacuum end pressure chambers, @ source of sofas connected to said vacuce 


chamber, a firet conduit extending froa said vecuum c:eater to said pressure 
chamber, @ control valve movable between/s firet position wherein a.ctios | 

/ | 
from gaid vacuum side ia free to communicat, with caid pressure onagver tc | 


/ 
/ 


evacuatc sam: and @ second position w:creiu etwospheric preeeure ie ir.troduced 
to said condult for entry to seid devine CoLamber, resilient means operative 
to biew said firet pleton to e tiret position when bot. bhemvera are eveousted. 
said first pieton being movably to @ @-cond position against t..e action of 
said regiliont mene worn a taoapher ic presaur- ig introduced to said preaseure 


chamber, means for moving ~~ control valve Letween its first and second 


positions in response to Ale pumping of fluid from said master Oylinder, a 


/ 


\ 
mecond cylinder and piston, said a 8 vylyndar having a Supply of fluid 
/ : 


thevin, a line onneofing saic second] cylinder to said brake actuators 

whereby actuation of 6aid second piston forceo fluid under pressure to said 
brek< actuators tu/operate Gem, teans connecting said first and eecom 

piatons eneroby poveuent of eaid first piston from its firet to secons pesdtion 
causes nee of aaid second piston, a line connecting eaid second 

cylinder to ghid master cylinder, wlereby the suction created by eactustion of 
Gaid second sieton automatically draws fluid into scid second cylinder from 
caid waeter cylinder, and a one-way valve in eid eucond piston for sllowing 
fluid to/ pose therethrough e@ eeid ceconmd piaton returns to ite inoperative 
position, treruby inauring #t all tiove en adequate @upply of fluid tumia 


8e0° Qinder, 
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wt, <A control syste ; erating a vehicle wheel 


serelieving device for the purpos »f preventing skids, 
control system comprising the combination 
-tia-responsive means adapicd to respond to 4 sudden 
case in the speed of rotation of the wheel an 


upon to initiate the operation of said relieving device, 


a rotary governor means adapted to rotate dependently 

the speed of the wheel and adapted aiter said opera- 
tion is initiated by said inertia-responsive means to 

‘ondingly vary the condition of said relieving 

device, to decrease and increase the “ake pressu.e¢ de- 
pendently with decrease and increase in the specd of the 
wheel, a reset means adapteu to respond to a predetermine ., 
decreased speed of the vehicle, to terminate the operation 
of said relieving device, end reset said inertia- 
responsive means so that it may again initiate said oper.a- 
tion, and means responsive to reverse rotation of the 


vehicle drive shaft for preventing operation of said con- 


trol system, 
i? (6 
25, The system of claim a0 further characterized in 
that said last-mentioned means comprises a switch that is 
automatically closed when the vehicle drive shaft is rotat- 


ing in a forward direction and which automatically opens 


when the vehicle drive shaft rotates in a reverse direction. 


L ra 150, 63 
\ ea 36. A skid control : te for B pressure-operatcd 
2 vehicle whee] brake, the pressure a ald brake normally 
| | 
3 controlled by the driver of the vehicle said control 
4 system comprising an antie-skid means adapted, on the occur 
) rence of a skid yndition duriny, braki} to repeatedly 
| 
0 decrease the pressure at the venicie eel brake dependent !y 
7 with decrease in the speed of the whe a pressure- 
, t 
| 
8 sensitive switch set to detect the ease f the pre ré 
9 at the wheel brake to a predetermine: inimum level, and } 
t ‘ ' 
10 thereupon remove the influence ol d anti-skid means 
1 } 
11 and return to normal control the pr¢ssure at said wheel 
12 brake, and a switch in said syste mtrolled by the 
| 
| 
13 | direction of rotation of the vehi drive shaft, said 
14 switch automatically being closed fwhen the vehicle drive 
| 
| , 
ho a shaft is rotating in a forward dipection and automatically | 
a 16 being oper «a.n -he drive shaft rotating in reverse, 
, 
st ist 
lL? and meat responsive to opening said switch for prevent- 
k | 
fe 


| ing operation of said cdéntrol system. | 
& 


37. An antieskid unit /for pressure actuated 
k 


r of aligned shafts, means 


ation as a unit with one of 


| 

2 | vehicle brakes comprising a pa 
| m 
connecting said shafts for ro 


ul 
4 | said shafts axially movable with respect Co the other, 


5 | governor means connected to daid shafts, said governor 


6 | means being adapted to cause movement of said axially 


movable shaft in response tof variations 1n rotational specd | 


8 | of said shafts, drive means pperative in response Co rota- | 


9 | tion of the vehicle wheels fpr imparting corresponding 


10 rotation to said shafts, val ans movable between a 


1332) 


be applied 
are automatical 


nt! of said valve means 1! 


| 


| 


response to axial moveme ) sai 4xLally movable saait, 
a normally deeneryized solenoid haying @ plunger that 
maintains said axially movable shgtt against axial moveiment 


position wherein said valve means is in its said 


retract said plunger and releage said axially movable shatt 


' 

! 

| 

| 

st position, and means f< sfergazing said solenoid to | 
| 


for axial movement under the gontro) of ssid govanor 
means, said energizing means /comprising a first switch, 
am means automatically actyating said first switch in 
response to sudden slowing bf said vehicle wheels and 
said drive means, and a reperse switch in series with 
said first switch, operatyon of said reverse switch being 
controlled by the directipbn of rotation of the vehicle 
drive shaft, means autome tically closing said reverse 
switch when the vehicle @rive shaft is rotating in a for- 
ward direction, and means automatically opening said revers 
switch when the drive sh ft is rotating in reverse to 
thereby prevent energizaqion of said solenoid. 


/} 


| A skid control system for a pressure-~ 
ft 


operated vehicle wheel brake, the pressure at said brake 
normally controlled by the driver of the vehicle, said 
control system compr3 ing an ant.- i means adapted, on 
the occurrence of a skid condition during braking, to 
repeatedly decrease the pressure at the vehicle wheel brake 


M49 | 


dependently with decrease in the speed of the wheel, and 


“a » | 


switch means controlled by the direction of rotation 


an Oe 
- [I 1s 
24 0 
—_— , 


64) 


hm 


6 


a 


the vehicle drive sha. for preventing operation of said 
control system when the drive shaft i rotating in reverse 
o*. The syst. of claim 3 1 rther characterized | 
in that said switch means comprises a rotatable shaft 
drivingly interconnected to the vehicle drive shaft, a 


contact button adapted to resiliently engage one end of 


‘ ‘ . : | 
the rotatable shaft, said rotatable shaft being axially 
movable between a first position wherein it is in engage- 
ment with said button and a second position wherein it is | 
dise: zed therefrom, and cam means associated with said 

| 

P , | 

rotatable shaft for automatically causing axial movement | 
j 

| 

| 


thereof to said first position when the vehicle drive is 
in forward, and for automatice ly causing movement thereof 


to said second position when the vehicle drive is in 


reverse, 


wT 


40. An electric switc!? ah ise automatically to 
f - 
an open position in response to rotation of a shat. in one 
/ 


direction and movable automaticdlly to a closed position 


in response to rotation of ee in the opposite direc- 


tion, said switch comprisipg @ rotatable shaft, a contact 


button adapted to isa sees engage one end of said shaft, 


“ 
position wherein safrd contact bfitrdn is in engagement with 


means mounting said sh4ft for axfal novement between a cali 


said shaft and a 6econd position wherein it is disengaged 
therefrom, and cam means associated with sa shaft for 
automatic ally moving said shaft to said first position when 
the shaft is rotating in one direction and to the said 


second position when the shaft {is routing in the opposite 


dircetion, 
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PLAINTIFF'S EXHIBIT 154 (AT 23) 
eS 


OU Caese tesa Art, 
‘ Ca oo oe 

| th Start tite ee tee 
I 


LT a ee ee 


brakin,: Cer dit venes 
(Also sec Heabe 
Warnion liyne 


are’: CONdttiun | 


‘a 


“D"), 


es 


- No rear brakes 


- Actuator cycles 
slowly during a nian: 
imum brabing con 
Gition, 


faulty wodtule at lane 
a tepet el Cannet ton 


LYdule component fait. 
ure, 

Attustor component 

tudure, 

See oe oe eens eemmene 

Taully module, 

Faulty avtuator, 

Muyred actuator aur fil 
ter Of june Ned actuator 
aif Of vACUUM hose, 


Faulty actuator, 


a 
Heptve beoben leet, Coan Wrens st cols of 
+s orn ge'ente OA" “Ue (tg mete | 


O04 A Meet ihe Uk, Golange eogye Green tle). 


Remove plug “A” (color cove: Red-Blue-Biack) 
from module. Refer to Furure 14. Connect an 
Ohimimeter uctween system fround plug siceve 
(blich) anu sustable chassis round. (Heler to 
Faure 18). Uf ohmmeter condi 1s less than one 
iden, ceplice ovelule aul coilenk system tor 
Geeet areal cope eatvets, HE Celine ©, pteater Mian une 
ohm, replace of repair system ground wire. 


Replace module and perform functional check. 


Replace octuator and perform functicnal check, 


Replace module. 
Replace actuator. 


Check and clean filter or air of vacuum hoses as 
tequircd, 


Replace actuator. 


. \ 
bs REMOVE PLUG ‘‘A"* 


PLAINTIFF'S EXHIBIT 155 (CHAPTER 5) 


BRAKE EQUIPMENT APPLICATION 


DISC BRAKES - FIXED CALIPER 33 
DISC BRAKES - FLOATING CALIPER ee 
DRUM BRAKES oe 
HYDRAULIC SYSTEM CONTROL VALVES.....16 
MASTER CYLINDERS Fan 13 


PARKING BRAKES aieunn ae 


Adjusting Service Brakes 
Bleeding Brake System... ehaensek eal Lopeddns toad) 
Brake Hose and Tubivsg..... cclnieestvctniiee Cae 
Stop Lamp Switch Adjustment. jabespatecsoescseeneses 4 


ADJUSTING SERVICE BRAKES 

Normalty self adjusting brakes will not require 
manual adjustment but in the event of a brake 
reline it may be advisable to make the initial ad- 
justment manually to speed up the adjusting time. 


STAR, \ 

wonky 
HEEL \ 
\ \ 


SHOE WEB 
ADJUSTING 
LEVER 
™S ADJUSTING TOOL P0307 


Fig. 1 - Adjusting Brakes (Rear-with lso-Clamp) 


BRAKES 
CONTENTS 


SERVICE ADJUSTMENTS 
INDEX 


BRAKES 5-1 


POWER BRAKES 


SERVICE ADJUSTMENTS 1 
SERVICE DIAGNOSIS 5 
SURE BRAKE 57 
TIGHTENING REFERENCE B4 
WHEEL CYLINDERS Be ea 21 


Test for Fluid Contamination............... 
Testing Application Adjusters 
Wheel Stud Nut Tightening............ 


(1) Jack up vehicle so all wheels are free to turn 
(2) Remove rear adjusting hole cover from brake 
supports of vehicle 

(3) Be sure parking brake lever is fully released, 
then back off parking brake cable adjustment so 
there is slack in cable. 

(4) Insert adjusting tool C-3784, into star wheel of 
adjusting screw. Move handle of tool upward until 
a slight drag is felt when road wheel is rotated 

(5) Insert a thin screwdriver or piece of welding 
rod into brake adjusting hole and push adjusting le 
ver out of engagement with star wheel (models with 
Iso-Clamp rear suspension, bend welding rod to 
match adjusting tool angles plus a 3/4 reverse bend 
at contact end), (Fig. 1). Care should be taken so 
as not to bend adjusting lever or distort leer 
spring. While holding adjusting lever out of 
engagement, back off star wheel to insiire a free 
wheel with no brake shoe drag 

(6) Repeat above adjustment at each wheel The 
adjustment must be equal to all wheels. Install ad 
justing hole covers in brake supports 

(7) Adjust parking brake after 
adjustment 

it is important to follow the above sequence to 
avoid the possibility of the parking brake system 
causing brake drag as may occur if the parking 
brakes are adjusted before the service brakes. 


wheel brake 
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Fig. 2 - Wheel Stud Nut Tighteaing Sequence 


TESTING APPLICATION ADJUSTER 
OPERATION 


Place the vchicle on a hoist, with a helper in the 
wt to apply the brakes. Remove the plug 
ear adjustment slot in each brake support 

wheel. Then, t 

sibility of maximum adjustment, that 
refuses to operate because the closest 
jjustment has been reached; the star wheel 
approximately 30 notches. It 
sssary to hold the adjuster lever away 
wheel to allow backing off of the 


the adjuster star 


ached off 


ind brake drum 1n the reverse di 
This will 
ssury inertia to cause the secondary 


apply the brakes vigorously 


to leave the anchor. The wrap up effect 
shoe, and the cable will 
Upon application of the 
the lever should move upward, turning 
Thus, a definite rotation of the ad 
wheel can be observed if the automatic 
working properly. If by the described 
more adjusters do not function 
the respective drum must be removed for 
:djuster servicing 


BLEEDING BRAKE SYSTEM 


Clean all dirt and foreign material from the cover 
of the master cylinder to prevent any dirt from fall 
ing into the master cylinder reservoir when the cov 

iS removed 


Using the one man bleeder tank C-3496-B (with 


the secondary 

adjuster lever up 

pedal 

tar wheel 
ister Star 
sdpuster 1s 
procedure one or 


roperly 


a convement means of keeping the 
he hydraulic 
(Complete bleeding of t! > dual 
“r cylinder 1s important! See Bleeding the “as 
Group.) Manual Bleeding is 
not recommended because of reduced fluid flow. 
(For Floating Caliper Dise Brakes see “Hydraulic 


lapler) provides 
ister cylinder full while pressurizing 


for bleeding 


ter Cylinder in this 


System Control Vaives", this Group) 
lighten the brakes of each wheel until the brakes 
locked. (This 
inder cups and assists in bleeding) 


reduces the movement of the 


rting with the mght rear wheel clean all dirt 
from the bleeder valve. Place bleeder hose C-4 
nsert the other end of the 
hose into a clear jar half filled with clean 
brake fluid. (This will permit the observation of air 
bubbles as they are being expelled from the hydrau 
lic system and also prevent air from being drawn 
back into the system. Follow the manufacturers in 
structions in the use of the bleeder tools.) 
bleeding operation on the other 
starting with the left rear wheel, then the 
nght front and finishing with the left front wheel 

If necessary, repeat this bleeding operation if there 
is any indication (a low, soft or spongy brake pedal) 
of air remaining in the hydraul*> system. Readjust 
the brakes as described previous), 


TEST FOR FLUID CONTAMINATION 


[To determine if contamination exists in the brake 
fluid (as indicated by swollen or deteriorated rubber 
ips), the following test can be made 

Place a smail amount of the drained brake fluid 
glass bottle. Separation of the 
layers will indicate mineral oil 


n the bleeder valve and 


bleed 


Continue this 


wheels 


clear 
distinct 


into a small 
fluid into 
ontent 

if there is any question of mineral oil conient, as 
indicated by swollen or deteriorated rubber parts, 
drain and flush thoroughly and replace all rubber 
parts. 


WHEEL STUD NUT TIGHTENING 


The tightening sequence and torquing of the 
heel stud nuts is of great importance to insure 
efficient brake operation. The use of an impact or 
long handled wrench may distort the drum. 
A criss-cross tightening sequence should be 
(Fig. 2). Tighten all the stud nuts to one-half the 
specified torque first, (30 ft. Ibs.), and then repeat 
lightening to the specified 55 
(65 foot pounds on 10 and 1! inch 


used 


the sequence 
foot-pounds 
brakes) 


BR/\KE HOSE AND TUBING 


Installation of Brake Hose 

The flexible hydraulic brake hose should always 
be installed on the vehicle by first tightening the 
male end of the hose into caliper, wheel cylinder, or 
rear axle housing tee. The hose should then be atta 
ched to the hose bracket in a manner to give mim 
twist 1s the 
Excessive twist can result in hose 


mum twist. (15 degree maximum 
recommended) 
interference problems with possible hydraulic system 


failure 


NYI371A 


Fig. 3 - Cutting and Flaring Steel Tubing 


Inspection of Brake Hose and Tubing 
Inspection of brake hose and tubing should be in 
cluded in all brake service operations end every 6 
6,000 miles (every 3 maths or 4,000 
Police, Taxi, 


months of 
miles tor vehicles used in fleet service 
etc). The hoses should be checked for 
severe surface cracking, pulling 
scuffing of (Should the fabric casing 
of the hose be exposed by cracks or abrasions in 
the rubber hose cover, the hose should be 
replaced). Eventual deterioration of the 
take place with possible burst failure 

(2) Faulty installation to cause twisting, wheel, tre 


(1) Correct length 


worn Spots 


hose can 


Or chassis interference 

Always use factory recommended hose to insure 
quality, correct leagth and superior fatigue life 
Care should be taken to make sure that the tube 
and hose mating surfaces are clean and free from 
nicks and burrs. New copper seal washers should be 
used and the tube nuts and counections should be 
properly made and tightened. Doubl: wall steel tub- 
ing should always be used to insure superior fatigue 
life. Care should be ken when replacing brake 
to use the pre bending and flaring tools 
and to avoid routing ti. tubes against $s) arp edges, 
Moving areas. All tubes 
Should be properly attached with recommended re 


tubing 
components or in- hot 
taming clips 

Steel tubing ts used to conduct hydraulic pressure 
to the .cont and rear brakes Flexible rubber hose 1s 
used at both front brakes and at a rear axle junc 
tion block Steel tubing 1s used from the junction 
block to both rear wheel cylinders. All fittings, tub- 


ing and hoses should be inspected for rusted, dam 
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ASHER ASSEMBLY 
TO 95 INCH POUND 
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PE DAL BLA DE 


BRAKE 
PEDAL 
BRACKET 


PEDAL BLADE 


STEERING COLUMAN 
REFERENCE 


SWITCH PLUNGER (DEPRESSED 


170 SPACER (POWER BRAKE 
120 SPACER (MANUAL BRAKE 


NOTE 

DO NOT PULL BRA 
ADJUST SWITCH 
POSITION SWITCH AGAINST 
SPACER WITH PEDAL IN 
FREE POSITION AND SWITCH 
PLUNGER FULLY DEPRESSED 


PEDAL TO 


to FREE POSITION 
STOP LAMP STOP LAMP “OFF 
ON V4 INCH 
PEDAL TRAVEL 
(POWER BRAKE 

1 INCH 

PEDA! "RAVEL 
(MANUAL BRAKE) 


PBS! 


Fig. 4 - Stop light Switch Adjustment (Valiant 
Models) 

aged or defective flaring seats. The steel tubing 1s 
equipped with a double flare or inverted seat to in 
sure more positive seating in the fitting To repair 
or reflare tubing proceed as follows 

(1) Using Tool C-3478, or equ erit, 
aged seat or damaged tubing (Fig) 

(2) Ream out any burred or rough edges showing 
on inside edges of tubing. This will make the ends 


cut off dam 


of tubing square and insure better seating of flared 
end tubing. Place compression nut on tubing prior 
to flaring tubing. 

(3) To flare tubing open handles of flaring Tool 
C-4047 and until the mating 


rotate jaws OF fool 
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SCREW AND WASHER ASSEMBLY 
TORQUE TO 95 INCH POUNDS 


SWITCH AND BRACKET sta 
conan . _ x es ASSEMBLY 
| MANUAL 
BRAKE | 
PUSH ROD —_—_ ee 
REFERENCE) STEERING COLUMN 
{ REFERENCE) —\ 
4} — ) 
afi t \ 
5 
) ; =" 
140 SPACER — 
SEE NOTE oti 
( STOP LAMP “ON” 
1/2" INCH PEDAL TRAVEL 
FREE POSITION 
na LAMP “OFF” 
. NOTE 
DC NOT PULL BRAKE . 
AL T DJUST SWITCH me 


POSITION TCH AGAINST 
PACER W PEDAL IN 

REE POSITION ANDO SWITCH 
PLUNGER FULLY DEPRESSED 


- PBS2 
Fig. 5 - Stop light Switch Adjustmen. (Satellite and 
Barracuda Models) 
iws Of tubing size are centerec in area between ver 
tical post 
(4) Slowly close handles with tubing inserted in 


jaws but do not apply heavy pressure to handle es 
this will lock tubing in place 
“Form A” on edge over end of 
tubing and push tubing through jaws until end of 
tubing contacts the recessed notch of gauge match- 
ing the size of tubing (Fig. 3) 
(6) Squeeze handles of flaring tool and lock tubing 
in place 
(7) Place proper sized plug of gauge “A” down in 
end of tubing. Swing compression disc over gauge 
and center tapered flaring screw in recess of disc 
(8) Lubricate taper of flaring screw and screw in 
a until plug gauge has seated on jaws of flaring tool 
This action has started to invert the extended end 
cf the tubing 


Pauge 


(9) Remove gauge and apply lubricant to tapered 
end of flaring screw and continue to screw down 
intial tol 1s 
(10) Rem« 


cat 


firmly seated in tubing 
ve tubing from flaring tool and inspect 


t 


(11} Clean seat and tube of any lubricant before 


connecting to hydraulic system 


‘3 
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P 5-4) 
. 
— i SCR WASHER 
| _ ae La t 
a » POUNDS 
\ + w H AND BRACKET 
F\\e MBLY 
2 WS J \% SPACER (MANUA 
ge R POWER 
- Cj » Ps 
WLS fv 
a \G DO NOT PULL BRAKE 
\ on PEDAL TO A 
ae SWITCH 
\ TION SWITCH 
\ y AGAINST SPACER WITH 
\ PEDAL IN FREE POSITION “——— 
eo a AND SWITCH PLUNGER 
“ FULLY DEPRESSED 
~_ 
\ 
STEERING \ 
COLUMN ™ 
- REFERENCE 
a FREE POSITION 
\ STOP LAMP 
la ad 
: TOP LAMP 
ON 1/2 INCH 
PEDAL TRAVEL 
POWER BRAKES 
1 INCH \ - 
PEDAL TRAVEL A SS ~ 
MANUAL BRAKES \ Ce 
“ ? 
J 
Fig. 6 - Stop light Switch Adjustment (Fury. Chrysier 
and Imperial Models) 

The stop light (or stop light/speed control) switct 
and mounting bracket assembly is attached to tt 
brake pedal bracket. The switch 1s actuated by the 
pedal blade on Valiant models and by the brake 
push rod on all other models 

Refer to figures 4, 5 or 6 for proper switch adjust 
ment as follows 

(1) Loosen switch assembly to pedal bracket atta 
ching screw and slide assembly away from pedal 
blade or brake push rod 

(2) Push brake peda! down and allow to return t 
free position, do not pull broke pedal back at any 
time. 

(3) Place proper spacer gauge on pedal blade os 
push rod 

(4) Slide switch assembly toward pedal blade or ) 
push rod until) switch plunger is fully depressed 
against spacer gauge (on heavy duty of tof 


hght/speed contro: switches 
switch body contacts spacer gauge) 

(5S) Re-tighten switch bracket screw to 9S inch 
pounds 


(6) Reinove spacer 


depress plur ger until 


Brake Drum Removal 
Front Brake Drums..... 
Rear Brake Drums 

Brake Shoe Removal... 
Front Brake Shoes 
Rear Brake Shoes 

Brake Drum Installation. 
Frent Brake Drums 


GENERAL INFORMATION 


The new Models are equipped with servo contact, 
two shoe, internal expanding brakes with appliction 


Condition 


PEDAL GOES TO FLOOR 


SPONGY BRAKE PEDAL 


BRAKES PULLING 


DRUM BRAKES 
INDEX 


Rear Brake Druln........cccccceseceeiees 
Brake Shoe Installation.. 

Front Brake Shoes 

Rear Brake Shoes 
Cleaning and Inspection 3 paapagtseee 
General Information .......ccccccccceceseneerrseesneeeeseees ; 
Grinding ».:) Refacing Recommenda‘ ions 
SOrvice DiagmOSis..........cccccccrcecereeeneeeenenens 


adjusters 
connected b: 


(Fig. 1) 


DRUM BRAKES 
SERVICE DIAGNOSIS 


, Possible Cause 


Fluid low in reservoir 
Air in hydraulic brake system 


Improperly adjusted brake. 


Leaking wheel cylinders 


Loose or broken brake ‘ines. 


Leaking or worn master 
cylinder. 


Excessively worn brake lining. 
Air in hydraulic system. 
Improper brake fluid (low 
boiling point). 


Excessively worn or cracked 
brake drums. 


} Broken pedal pivot bushing 


Contaminated lining. 
Front end out of alignment. 


Incorrect brake adjustment 
Unmatched brake lining. 


Brake shoes distorted. 
Restricted brake hose or line. 


Broken rear spring 
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v 


ob ad oh DG 


o-oo -NCo 


® 


The lower ends of the brake shoes are 
a tubular star wheel adjusting screw 


Correction 


Fill and bleed master cylinder 
Fill and bleed hydraulic brake 
system. 

Repair or replace self-adjuster 
as required 

Recondition or replace wheel 
cylinder and repiace both brake 
shoes. 

Tighter eil brake fittings or 
replace brake line. 
Recondition or replace muster 
cylinder and bleed hydraulic 
system. 


) Reline and edjust brakes 


Fill master cylinder and bleed 
hydraulic system. 

Drain, flush and refill with 
brake fluid. 

Replace all faulty brake drums 


Replace nylon pivot bushing 


Replace contaminated brake 
lining. 

Align front end. 

Adjust brakes and check fluid 
Match prirnary, secondary with 
same type of lining on all 
wheels. 

Replace faulty brake shoes 
Replace plugged hose or brake 
line. 

Replace broken spring 
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Condition ad Possible Cause Correction 
SQUEALING BRAKES (a) Glazed brake lining. (a) Cam grind or replace brake 
lining. 

(b) Saturated brake lining. (b) Replace saturated lining 

(c) Weak or broken brake shoe (c) Replace retaining spring 
retaining spring. 

(d) Broken or weak brake shoe (d) Replace return spring. 
return spring. 

(e) Incorrect brake lining (e) Install matched brake lining 

(f) Distorted brake shoes. (f) Replace brake shoes. 


(g) Bent Support Plate. (g) Replace support plate. 
(h) Dust in brakes or scored brake (h) Blow out hrake assembly with 
drums. compressed air and reface 
brake drums. 


CHIRPING BRAKES {a) Out of round drum or eccentric (a) Repair as necessary, and 
axle flange pilot. lubricate support plate contact 
areas (6 places). 
DRAGGING BRAKES (a) Incorrect wheel or parking (a) Adjust brakes and check fluid 
brake adjustment. 
(b) Parking brakes engaged (b) Release parking brakes 
(c) Weak or broken brake shoe (c) Replace brake shoe return 
return spring. spring. 
(d) Brake pedal binding. (d) Free up and lubricate brake 
pedal and linkage 
(e) Master cylinder cup sticking (e) Recondition master cynnder 
(f) Obstructed master cylinder (f) Use compressed air and blow 
relief port. out relief port. 
(g) Saturated brake lining. (g) Replace brake lining. 
(h) Bent or out of round brake (h) Reface or replace faulty brake 
drum. drum. 
(i) Incorrect stop light switch (i) Adjust stop light switch. 
adjustment. 
HARD PEDAL (a) Brake booster inoperative. (a) Replace brake booster 
(b) Incorrect brake lining. (b) Install matched brake lining 
(c) Restricted brake line or hose. (c) Clean out or replace brake line 
or hose. 
{d) Frozen brake pedal linkage. (d) Free up and lubricate brake 
linkage. 
WHEEL LOCKS (a) Contaminated brake lining. (a) Reline both front or sears of all 
four brakes, 
{b) Loose or torn brake lining (b) Replace brake lining. 
(c} Wheel cylinder cups sticking. (c) Recondition or replace wheel 
cylinder. 
(d) Incorrect wheel bearing (d) Clean, pack and adjust wheel 
adjustment. bearings. 
BRAKES FADE (HIGH SPEED) (a) Incorrect lining. (a) Replace lining. 
(b) Overheated brake drums (b) Inspect for dragging brakes 
(c) Incorrect brake fluid (low (c) Drain flush, refill and bleed 
boiling temperature). hydraulic bruke system 
(d) Saturated brake lining. (d) Reline both front or rear or all 
four brakes. 
SURGE Below 15 MPH (a) Bent or out of round rear brake (a) Reface or replace brake drum 
drum. 
CHATTER 80 to 40 MPH (a) Bent or out of round front (a) Reface or replace biake drum 
brake drum. 
SHOE KNOCK (a) Machine grooves in contact (a) Sand, reface or replace brake 
face of brake dium. drum 
E-825 
(Px 155, p 5-6) 
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SERVICE DIAGNOSIS 


Condition 


BRAKES DO NOT SELF 
ADJUST 


Adjuster screw corroded at (b) 


thrust washer. 


Adjuster lever does not engage (c) 


star wheel 


Adjuster installed on wrong (d) 


wheel. 


Possible Cause 


Weak hold down springs. (b) 


Adjuster screw frozen in thread. (a) 


Correction 


Replace hold down springs. 


Clean and free-up all thread 
areas 

Clean threads and replace 
thrust washer if necessary. 
Repair, free up or replace 
adjuster as required. 

Install correct adjuster parts. 


SERVICE PROCEDURES 


The eleven inch brakes used on taxi vehicles, (Fig 
4) are equipped with manual adjusters. The service 
procedures covering these brakes are identical to the 
passenger car, with the exception of reference to ap- 
plication adjusters. Ulustrations of the various serv- 
ice procedures will not always show any one specif. 
ic brake 


BRAKE DRUM REMOVAL 


Brake Drums 
drum 


Removing Front 
To aid in brake 
adjusting wheel 

(1) Remove rear plug 


removal loosen brake star 


trom brake adjusting access 
ANCHOR 

| 
WHEEL 


CYLINDER 
ANCHOR PLATE 


OUST BOOT 


PRIMARY 


RETURN SPRING SHOE_TABS (3 


SHOE RETAINERS 
SPRING AND NAIL 
ASSEMBLY 


ANTI-RATTLE 


PRIMARY SHOE 
AND LINING 


7 CABLE GUIDE 


SECONDARY SHOE 


hole 

(2) Insert a thin screwdriver into brake adjusting 
hole and push adjusting lever away from star ad- 
justing wheel. Cere should be taken not to bend 
adjusting lever. 

(3) Insert Tool C-3784 into brake adjusting hole 
and engage notches of brake adjusting star wheel 
Release brake adjustment by prying down with ad 
justing tool 

(4) Remove pin, 
lock, adjusting nut, outer wheel bearing and remove 
wheel and drum assembly from spindle to expos 
brake linings (Figs. 1, 2, 3 or 4) 

(5) Inspect brake lining for 

ANCHOR 


Wheel cover, grease cap, cotter 


wear, shoe alignment 


ANCHOR PLATE 


SHOE TAB (3) 
~~ 
PRIMARY. he 


RETURN 2% 


SPRING 


SECONDARY 
RETURN 
SPRING 
CABLE GUIDE 


PARKING 
BRAKE LEVER 


SHOF 
RETAINERS 
SPRING AND 
NAIL 


PRING 
. ASSEMBLY 
a“ 


STRUT ADJUSTER 


OVERLOAL 
SPRING 


LEVER SPRING 


AND LINING 


“S support 
PLATE 


AUTOMATIC 
ADJUSTER 
SPRING 


LEVER SPRING 


SUPPORT PLATE 


ADJUSTING LEVER 
ADJUSTER SCREW 
ASSEMBLY (STAR WHEEL) 
LEFT FRONT . 


SECONDARY SHOF 
AND LINING 
PRIMARY SHOE 


AND LINING ADJUSTING LEVER 


SUPPORT PLATE 


ADJUSTER 
SCREW 
ASSEMBLY 
(STAR WHEEL) 


SUPPORT 
PLATE 


AUTOMATIC 
ADJUSTER 
SPRING 
LEFT REAR 


fig. 1 - Nine Inch Brake Assemblies 
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ANCHOR 


RETURN 


SPRING 


PRIMARY 


SE 


SHOE RETAINERS, 
SPRING AND 
NAIL ASSEMBLY 


AUTOMATIC 
ADJUSTER 
SPRING 


PRIMARY SHOE 
AND LINING 


SUPPORT PLATE 


ADJUSTING 


ADJUSTER SCREW 
LEVER 


ASSEMBLY 
STAR WHEEL) 


Fig. 
WHEEL ANCHOR 
CYLINDER 


DUS! BOOT 
PRIMARY 
RETURN SPRING 
SHOE RETAINERS es 


SPRING AND 
NAIL ASSEMBLY 


PRIMARY SHOE 
AND LINING 


AUTOMATIC 


ADJUSTER 


SPRING ADJUSTER 


ADJUSTER LEVER 
SCREW 
SUPPORT PLATE i sl 


WHEEL CYLINDER 


ONDARY 
RETURN 


SPRING 


ADJUSTER 
OVERLOAD 


SECONDARY 
SHOE AND 
LINING 
ASSEMBLY pp apy 
SHOE AND 
LINING 
AUTOMATIC 
ADJUSTER 
SPRING 


SUPPORT 
PLATE 


2 - Ten Inch Brake Assemblies 


ANCHOR 
PLATE 


SECONDARY 
RETURN SPRING 


CABLE 
Guilder 


SECONDARY 
SHOE AND 
LINING 


OVERLOAD 
SPRING 


AUTOMATIC 
ADJUSTER 
SPRING 


LEVER 


SPRING re 


PLATE 


ADJUSTER 


CABLE GUIDE 


OE RETAINERS, 
SPRING 


NAIL ASSEMBLY 


NG 
LEVER 


PARK 
BRAKE 


SECONDARY 
SHOE 
AND LINING 
‘ER SP 
ADJUSTER SCREW LEVER SPRING 
ASSEMBLY 


ADJUSTER 
STAR WHEEL) 5 


LEVER 
OVERLOAD 
SPRING 


PBSO? 


ABLt 
GUIDE 


SHOE RETAINERS 
AND SPRING 
NAIL ASSEMBLIES 


PARKING 
BRAKE LEVER 


SECONDARY 
SHOF AND 
LINING 


LEVER SPRING 
ADJUSTER 


SCREW LEVER 


ASSEMBLY 


OVERLOAD 
SPRING 
LEFT REAR 


Fig. 3 - Eleven Inch Brake Assemblies 
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\ SPRING 
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PRING / cecour 
PRIMARY *\ / s \ SECONDARY RETURN 
RETURN SPRING * \ SPRING 
ANTIRATTLE 
SHOE TAB (3) SPRING f ae 
PARKING BRAKE 
> i LEVER 
STRUT ~ 
SHOE RETAINER om 
SPRING AND oh Pe 2 
NAIL ASSEMBLY SUPPORT PLATE ~ SHOE RETAINERS 
SPRING AND NAIL 
ASSEMBLY 
PRIMARY SHOE ADJUSTER / \ 
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AND LINING \ LOCK. SERING ADJUSTER SCREW ASSEMBLY Sa ER 
ADJUSTER SCREW ASSEMBLY STAR WHEEL OCK SPRING 
STAR WHEEL : 
fF FRON FF REAR 
: — PBS 
Fig. 4 - Eleven Inch Brake Assemblies (Without Automatic Adjusters) 
or contamination from grease or brake fluid that holds drum on axle. Discard chips Remove 
drums 
Removing Rear Brake Drums (5) Inspect brake lining for wear, shoe alignment 
(1) Remove rear plug from brake adjusting cess of contanunation from grease or brake fluid 
hole 
(2) Insert a thin screwdriver into brake adjusting BRAKE SHOE REMOVAL 
nole and hold adjusting lever away from notches of 
adjusting screw Removing Front Brake Shoes 
(3) Insert Tool C-3784 into brake adjusting hole (1) Using Tool C-3785 remove brake shoe return 
and engage notches of brake adjusting screw. Re springs (Fig. 5). (Note how secendary spring over 
lease brake by prying down with adjusting tool laps primary spring), (Fig. 1) 
(4) Remove rear wheel and clips from wheel studs 7 
PRIMARY SHOF SECONDARY SHOE SH f A 
RETURN SPRINGS RETURN SPRING hla Ni 
ER 
“ 
<7 
s; " 
‘ 
SPECIAL TOOL eppinc 
REMOVING SPRING 
AND 
INSTALLING NAIL 
ADJUSTING RETAINER 
LEVER 
LEVER SPRING NU241A Fig. 6 - Removing or Installing Shoe Retainers 
g g 9 
Fig. 5 - Removing Shoe Return Springs (left Front) Springs and Nails (Right Front) 
oie “ 
E-828 
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SPECIAL TOOL 
REMOVING AND 
INSTALLING) 


SECONDARY 
HOE RETURN 
PRING 


ADJUSTER 
CABLE 


LEVER 
SPRING 


ADJUSTER 
SPRING 


ADJUSTING 


LEVER NU243A 


Fig. 7 - Removing Shoe Return Springs (Left Rear) 


SCREW 
THREADS 


NUT PB510 


Fig. 9 - Adjusting Screw Assembly 
Shde eye of automatic adjuster cable off an- 
and unhook from lever. Remove 
le, overload spring, cable guide and anchor plate 

(3) Disengage adjusting lever from spring by slid- 
ing forward to clear pivot, then working out from 
under spring. Remove spring from pivot. Remove 
sutomatte spring trom secondary shoe web 
from primary web. Remove 
spring (Eleven inch brake only) 

(4) Remove brake shoe retainers, springs and nails, 
ising Tool C-4070, (F 1g. 6) 

(5) Disengage primary and secondary shoes from 
equipped) and remove from 
support. Remove adjusting star wheel assembly from 
shoes 


adjusting 


:dyjuster 


ind disengaye shoe 


ush rods (if so 


‘ear Brake Shoes 


Removing 
(1) Remove rear wheel, and drum retaining clips 


Remove drum 
Tool C-378§ 
(Note 


rimary spring) (Fig. 1) 


remove brake shoe return 
how spring Over 


(2) { sing 
springs (Fig. 7) secondary 
cable off an 
ind then unhook from adjusting lever. Remove 
cable guide and anchor plate 


Shde eye of automatic adjuster 


¢, Overload spring 


TAB OF ANTI 
RATTLE SPRING 
BEHIND SHOE 


PRIMARY SHOE 


AND LINING NU244 


Fig. 8 - Removing or Installing Shoe Retainers, 
Springs and Nails (Right Rear) 

(4) Disengage adjusting lever from spring by shid- 
ing forward to clear pivot, then working out from 
under spring. Remove spring from pivot. Remove 
automatic adjuster spring from secondary shoe web 
and disengage from primary shoe web. Remove 
spring (Eleven inch brake only) 

(5) Disengage primary and secondary shoes from 
push rods (if so equipped) and remove adjusting 
Star wheel assembly from shoes 

(6) Spread anchor ends of primary and secondary 
Shoes and remove parking brake lever strut and 
anti-rattle spring (Fig. 12) 

(7) Remove brake shoe retainers, springs and nails 
Using Tool C-4070, (Fig. 8), and remove from 
s"pport 

(8) Disengage parking brake cable from parking 
brake lever 


CLEANING AND INSPECTION 

Wipe or brush clean (dry) the metal portions of 
the brake shoes. Examine the lining contact pattern 
to determine if the shoes are bent. The lining 
Should show contact across the entire width. extend 
ing from heel to toe. Shoes showing contact only on 
one side should be replaced. Shoes having sufficient 
lining but lack of contact at toe and heel should be 
measured for proper grind 

Clean the support, using a suitable solvent. then 
inspect for burrs. Remove if necessary. Clean and 
inspect the adjusting screws for pulled or stripped 
threads, then apply a thin film of lubricaat to the 
threads, socket and washer (Fig. 9) 

New brake shoe return springs and hold down 
springs shoulu be installed where the old springs 
have been subjected their 
Strength is questionable Spring paint discoloration 
or distorted end coils would indicate an overheated 
spring 


to overheating or if 


oTAR 
ADJUSTING 
Wriret 


Shoe Contact Area on Support Fig. 11 ~ Installing Brake Shoes (Left Front) 


next to secondary shoe (Fig. !) 


GRINDING AND REFACING The left ste wheel adjusting stud end 1s st 
RECOMMENDATIONS ‘L” (indicating its position on the vehicle) 
Brake Shoe Lining-—New iining should be meas also cadium plated. The right star wheel 
ured and ground 060 tn. to .080 in. (maximum un and the adjusting stud end ts not stamped 
der the drum diameter). When replacing brake shoe (3) Install adjuster spring in primary sh 
and lining assemblies, always check them in the hook other end in web of secondary (Elev: 
drum they are to be used with to insure that they brake only). Install adjusting lever spring ov 
have the recommended radius grind. This grind, pin on shoe web. Install adjusting — leve 
which should provide at least .004 inch heel and toc spring and over pivot pin. Slide lever 
clearance, 1s necessary for proper lining to drum ward to lock in position (Fig. 1) 
contact during brake application ad anchor ends of brake shoe 
Drum Refacing Measure the drum runout and di idjusting wheel assembly in position 
ameter with an accurate gauge. There should be no (5) Holding brake shoes firmly, place 
Variation in the drum diameter greater than .002 support plate, and at the same time 
inch Drum runout should not exceed .006 inch out webs with push rods (If so equipped) (Fig. 11) 
of round. If the drum runout or diameter variation (6) Using Tool C-4070, install shoe retaining n 
exceed these values the drum should be refaced. Re springs and retainers. (Fig. 6) 
move only as much material as is necessary to clean (7) Install anchor plate over anchor 

the drum. It is reccsimended the front drums be (8) Slide “eye” of adjusting cable over anche 
relaced with the wheel and tire mounted. Do not against anchor plate. Engage end of primary 
reface more than .060 inch over the standard return spring in shoe web and install other 
drum diameter. anchor, using Tool C-3785 
NOTE: All drums will show markings of maximum (9) Install cable guide in secondary shoe 
allowable diameter. For example, a nine inch drum Holding in 
will have a marking of MAX. DIA. 9.090". This spring | gh guide and into wed Install 
marking includes .030" for allowable drum wear be end ove hor, using Tool C-3785. (Be sure 
youd the recommended .060” of drum refaciag guide r. » flat against shoe web, and that 

ondary spring overlaps primary) (Fig. 1). lt 
BRAKE SHOE INSTALLATION pliers, squeeze ends of spring loops (around an 
until parallel 

Installing Front Brake Shoes (10) Thread adjuster cable over guid 


vosition, engage secondary shove 


Lubncate with a thin film the shoe tab contact end of overload spring in lever (Fig. 1) 


area (6 places) on support plate with Chrysler sup “eye” of cable is pulled tight against an 


Part numb 2932524 of equi a straight line with guide) 


with a secondary brake shoe = Installing Rear Brake Shoes 
ir relative position on a work Lubricate with a thin film the shoe 
area (6 place ) ipport plate 
, 


star Wheel assembly between port plate lubricant, Part number 
locs, with a star wheel valent (Fig. 10) 
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a 


ADJUSTER 


fy PARKING 


RIMARY SHOE 
BRAKE weep il. 


Fig. 12 - Removing or Installing Parking Brake Strut Fig. 13 - Installing Brake Shoes (Left Rear) 
and Spring (Left Rear) (7) Install adjusting star wheel assembly | tween 
parking brake lever on inner side of primary and secondary shoes, with star wheel next 
Shoe web after lubricating pivot with sup to secondary shoe (Fig. 1). The left star wheel ad 
lubricant. Secure with wave washer and justing stud end is stamped “L” (indicating its posi 
> clip ion on the vehicle) and is also cadium 
2) Engage parking brake lever with cable, then right star wheel is black, and the adjust 
secondary shoe against support plate, and at Is not stamped. Install adjuster spring between st 
same time engage shoe web with push rod, (if (Fig. 1). (Engage primary shoe first). (Ele, 
juipped) and against anchor brake only) 


‘) Slide parking brake strut behind hub and into (8) Install adjusting lever spring over pivot | 
n parking brake lever. Slide anti-rattle spring = shoe web. Install adjusting lever under spring and 
ver free end of strut (Fig. 12). On ten inch brakes, Over pivot pin. Slide lever shghtly rearward to lock 
De sure spring tab is poimting rearward and up on In position 
outside of shoe web (Left Brake), and pointing (9) Using Tool C-4070, install shoe 
frontward and down behind shoe web (Right Brake) retainers and springs (Fig. 8) 
Fig 12), On eleven inch brakes, be sure spring tab (10) Thread adjuster cable over ; 
inting forward, down and inside of shoe web end of overload spring in lever (Fig 
th Left and Right Brake) (rig. 3) ¢ye of cable 1s pulled tight against ancl 
(4) Shde primary shoe into position and engage Straight line with guide) 
with push rod (if so equipped) and free end of 


strut. Install anchor plate over anchor, then install BRAKE DRUM INSTALLATION 
eye of adjuster cable over anchor (Fig. 13) 
(5) Engage primary shoe return spring in web of = Installing Front Broke Drums 
shoe and install free end over anchor, using Tool (1) Lubricate wheel bearings and in 
2S. (Fig. 7) drum and adjust whee! bearing to proper | 
(6) Install cable guide in secondary shoe web (2) Adjust brakes as described under 
Holding in position, engage secondary shoe return Adjustme.:ts” at front of this Group 
pring through guide and into web. Install other 
nd over anchor, using Tool C-3785. (Be sure cable Installing Rear Brake Drums 
puide remains flat against shoe web and that sec- (1) Install brake drum. Reinstallatio retainin 
dary spring overlaps pnmary) (Fig. 1) Using clips is not necessary. Install wheel 
FS, squeeze ends of spring !oops (around anchor) assembly 
| parallel (2) Adjust brakes as described 
Adjustments” at front of this Group 


© 


MASTER CYLINDERS 


INDEX 


hog 
Bleeding Master Cylinder... con 


Cleaning and Inspection 1d 
Disassembling Master Cylinder... wn Sa 
General Information os Na 


GENERAL INFORMATION 


The tandem master cylinder (Fig. 1) is of the 
compensating ty, with the reservoirs cast 
integrally 

The front outlet tube from the master cylinder is 
connected to the hydraulic system warning switch 
and then to the rear brakes. The rear outlet tube 
from the master cylinder 1s also connected to the 
warning switch and the front brakes. The master 


SERVICE PROCEDURES 


MASTER CYLINDER REMOVAL 

(1) Disconnect fiont and rear brake tubes from 
master cylinder (residual pressure valves will keep 
cylinder from draining the drum brake Master 
Cylinder). Install a plug in the rear outlet of the 
disc brake Master Cylinder 

(2) Remove nuts that attaca master cylinder to 
cowl panel and/or power brake unit (if so 
equipped) 

(3) Disconnect pedal push rod (manual brakes) 
from brake pedal 

(4) Slide master cylinder straight out from cowl 
panel and/or power brake unit (if so equipped) 


DISASSEMBLING MASTER CYLINDER 

To disassemble the master cycinder, (Fig. 1) clean 
outside of master cylinder thoroughly 

(1) Press bail to one side, remove cover and 
gasket. Empty brake fluid from reservoirs 

(2) Remove secondary piston retainer screw from 
inside reservoir, then remove snap ring from outer 
end of cylinder bore (Fig. 2). Shde primary piston 
assembly out of cylinder bore 

(3) Tamp open end of master cylinder on bench to 
remove secondary piston. If secondary piston sticks 
in bore of cylinder, use air pressure to force piston 
out of cylinder’ New cups must be installed at 
reassembly if air pressure is used. 


}e 
Installing Master Cylinde 5 
Master Cylinder Removal! ; 3 
Reassembling Master Cylinder 
Testing Master Cylinder 
viir P sd 3 ‘ , 
cylinder used ¢ venic! pped we 
Drake units IS Serviced in the c i i 
master cylinder with power brakes, h on 
exception, the mas f f »rak 


does not include the push 

The ¢ brake master cylinder is different than 
the a m broke master cylinder in reservoir 
cover, bail, and gasket size, and only has on 
residual pressure vaive (Fig. 1) 


(4) Remove seconds ' ) essic j 
from bore 

(5) Remove rubber » from pistons, aft 
positions of cup lips 

Do not remove the primary cup of the primary 
piston. If cup is damaged or worn, install a new 


primary piston assembly 

(6) Using Tool T109-178 ¢ an easy it 

tube seats by threadi tool firmly into seat, tar 
tool and seat out of cylinder body (Fig. 3) 

(7) Remove two residual pressure valves and 
springs (Fig. 4) 

CLEANING AND INSPECTION 

Clean master cylinder thoroughly, using a suita 
solvent and dry with compressed air. Wash the 
inder bore with clean brake fluid and inspect 
scoring or pitting. Master cylinder bore walls that 
have light scratch yy show signs of corrosion, can 
usually be cleaned with crocus cloth Howev yl 
inder bores that have deep seratche coring 

be honed, providing diameter ¢ bore 18 not in 


creased more than 002 inch If 1 


bore does not clean up at 002 inch 


the maste: cylinder should be discarded and a new 
master cylinder installed 

If master cylinder pistons are badly scored 
corroded, replace them with new ones The pi 


{ 


cups and seals should bs replaced when recondition 
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COVER GASKET 


SCREW 
RESIDUAL PRESSURE 


VALVE AND SPRING 


TUBE 


SEAT % 


BAIL hw, 


ASKET 


CYLINDER BODY THIN WASHER 0 O Ri 


f * COVER 
Seta , ~~ 
PISTON RETAINER SS “ 
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[——-—— SECONDARY SYSTEM PONENTS , PRIMARY SYSTEM - 
REAR BRAKES 


IMPONENTS 
FRONT BRAKES 
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é Ai CUP RETAINER PISTON 


g PISTON 


O” RING | RETAINER | 


g / SEAL PRIMARY SNAP RING | 
fe ff \_—-~PISTON 
PRIMARY CuP | ASSEMBLY 
MASTER 


ECONDARY CUP 


PRIMARY CUP 


DRUM BRAKE 


BRAKE SECONDARY CUP 
SECONDARY SYSTEM COMPONEN ; PRIMARY SYSTEM 
REAR BRAKES | COMPONENTS 
| FRONT BRAKES) } 
i ! 
PISTON te _ PRIMARY | 
P TAINER y ING 
reTURN CUP RETAINE By PISTON 
SPRING PRIMARY CUP bt, “is y ASSEMBLY | 
f \ PRIMARY PISTON | 
\ I RETAINER | 
00 ee eee t SNAP RING 
ek | ‘ 
. ) H 
THIN WASHER 4 | | 
SECONDARY 
SECONDARY cup SECONDARY 
CYLINDER BODY _—DISC_ BRAKE PISTON cup PD302 


Fig. 1 - Tandem Master Cylinders (Exploded Views) 


——— FRONT PISTON 


PECIAL TOOL 
RETAINER SCREW i mA 


~ 
SNAP RING PBSI2 PBSI3 
Fig. 2 - Removing Retainer Screw and Snap Ring Fig. 3 - Removing Tube Seats 
E-8 33 


RES'DUAL PRESSURE 
VALVE AND SPRING 


‘a 
Vi 


‘ 


RESIDUAL PRESSURE 
VALVE AND SPRING 


Lah 
“=! 
TUBE SEATS 


PBSI4 


Fig. 4 - Removing or Installing Residual Pressure 
Valve 


REAR PIS 


ON SPRING 


PISTON 
cye 


REAR PISTON ASSE/ABLY 


Fig. 6 - Installing Primary (Rear) Piston Assembly 
ing a master cylinder 

When overhauling a master cylinder, 
furnished in repair kit. Discard all 
ports. 


use all parts 
used rubber 


REASSEMBLING MASTER CYLINDER 


Secondary (Front) Piston 

Before assembling the master cylinder, dip all 
component parts in clean brake fluid and place on a 
clean shop towel or paper (assembling seals dry, can 
ruin them) 

(1) Carefully work primary cup on end of second 
ary piston with the lip away from piston (Fig. 1) 

(2) Slide “O" ring over the rear end of secondary 
piston and into correct land 

(3) Carefully work secondary piston secondary cup 
(Fig. 1) into rear land, with the cup hip away from 
Piston 

(4) Shde cup retainer over front end of piston, fol 
lowed by piston spring (Fig. 1) 

(5) Install piston spring, piston cup retainer, piston 
and cups into bore of master cylinder (Fig 5) 

Be sure the lip of cups enter bore evenly in or- 
der not to damage sealing qualities of cups. 
(Keep well lubri. sted with brak id.) 


Fig. 5 - installing Secondary (Front) Piston and 
Spring 


AIR BUBBLES 


BLEEDING TUBES 


WOODEN DOWEL 


Fig. 7 Bleeding Master Cylinder 
Primary (Rear) Piston 
(1) Carefully work secondary cup over rear d of 
primary piston with ip of cup toward piston (Fig |) 
(2) Center spring retainer of primary piston assem 
bly over shoulder of secondary piston. Push piston 
assemblies into bore up to center piston cup. Car 


fully work cup into bore then push piston tn up to 
the secondary cup. Carefully work lip of prmmary 
cup into bore, then push in on piston until seated 
(Fig. 6) 

(3) Holding 
ring (Fig. 2) 
(4) Install secondary 


and tighten 


in seated 


piston position, install snay 
piston 
reservoir ecurely (Fig. 2) 

(5) Install residual pressure valves and springs 
ind install tube seats, firmly 


retaining set screw in 


outlet ports 


BLEEDING MASTER CYLINDER 


Before installing the master cylinder on hicl 
must be bled on the bench as follows 

(1) Clamp master cylinder in a vise and alta 
bleeding tubes Tool C-4029 (Fig. 7) 

(2) Fill both reservoirs with appro brake fluid 

(3) Using a wooden stick or dowel (power brah 


rx 


. ’ 
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ed vehicles) or depress push rod slowly and 


w «th pistons to return under pressure ol 1) Dieed Drakes a vi ! cylinders using regular 
Do this several times until all air bubbles I d being § tuid level 1s maintained (See 
spelled (Fig. 7) Bleedin; the Brake System in “Service 
4) Remove bleeding tubes from cyli.. Jer n Ad 
ver and gasket. (As tubes are removed, fluid 
4ining in tubes wall syphon out.) TESTING MASTER CYLINDER 
(5) Remove from vise and install master cylinder Be sure that the master cylinder compensates at 
hicle as follows th 5 Hhis can be done by applying the pedal 
‘ightly with the engine running (power brakes) and 
INSTALLING MASTER CYLINDER observing for a gyser of fluid squirting up in the 
1) Install master cylinder on vehicle, aligning reservoirs. This may only occur in the front cham 
h rod with cowl panel opening (manual brakes) Der and so to determine if the rear compensating 
ower brake push rod with cylinder piston port 1s open, it will be necessary to pump up the 
2) Shde over mounting studs. Install attaching rakes rapidly and, then, hold the pedal down 
ind tighten 290 inch pounds. Connect push Have an server watch the fluid in the rear reser- 
J to brake peau voir while the pedal is raised. A disturbance in the 
‘) Connect front and rear brake tubes and tighten fluid indicates that the compensating port 1s open 
HYDRAULIC SYSTEM CONTROL VALVES 
; INDEX 
Page Page 
Bleeding Vehicles with Metering Valves 20 Brake Warning Switch Unit 17 
Brake Warning Switch (Drum Brakes) 17 Testing Brake Warning Switch Unit 20 
Combination Brake Warning/Proportioning. 17 Metering Valve Unit Operation..... 19 
Brake Warning Switch Unit... ine Checking Metering Valve Unit 19 
Testing Brake Warning Switch Unit... 18 Combination Brake 
Proportioning Valve Unit........ siitsvatecsernen TOD Warning/Metering/Proportio: ing... ~ 20 
Testing Proportioning Valve Unit... 18 Proportioning Valve Unit et 20 
Combination Brake Warning/Metering...........19 Testing Proportioning Valve Unit... 20 


All drum brake vehicles use a simple BRAKE 
GENERAL INrORMATION DIFFERENTIAL) WARNING SWITCH 


All vehicles have some type of hydraulic system Disc brake vehicles use valves which combine the 
ntrol valve or switch in the brake system. The warning switch with a metering alve, a proportion 
valve 1s usually located under the master cylinder ing valve or both. (See application chart) 
ittached to the fender splash shield or frame rail here 1s only one valve or switch in each vehicle 


VALVE APPLICATION CHA 


Broke 
o Type Hydra Valve Type sembly Nunber 
Orun Brake Warning Switch 79275082 
Dam Cormbinat Brake Warning 
Proportioning 1466793 (Bross 
Barracude Drury Brake Warning Switcr 366360 (Brass 
ateliite dese Combination Brake Warn 9 
*ceot Suburvar Proportioning Metering 3583607 (Cast iron. 
ateliite Orurr Brake Warning Switch 158 3608 (Brass) 
sburbens Om Combination Brake Warn ~" 
Metering 358 3608 (Cast 1+ 
y e Dror Brake Warr ng Swisce 2466192 (Brow 
t a 
> Ome bination Brake Warning 
Proportioning/ Metering 3583636 (Cast iror 
\e y Switer 1466792 (Bras 
t Ow Brake Warring 
Metering 466 78 est iron 
are te Om Comynation « ake Warning 
with Sure Bane Proportioning/Mete: ng 15H M6 46 ast 
E-835 
iva 29D, % 45 J 
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HYDRAULIC SYSTEM CONTROL VALVES 


SERVICE PROCEDURES 


BRAKE WARNING SWITCH (DRUM BRAKES) 


The hydraulic system brake warning switch (Figs 
| and 2) is used to warn the vehicle operator that 
one of the hydraulic systems has failed. A failure in 
one part of the brake system does not result in fail- 
ure of the entire hydraulic brake system. As an 
example, failure of the rear brake system will leave 
the front brake system still operative. 

As pressure falls in one system, the other system's 
normal pressure forces the piston to the inoperative 
side contacting the switch terminal, causing a red 
warning light to come on in the instrument panel, 
thus, warning the operator of the vehicle that one 
of the systems has failed and should be repaired 

The safety switch is mounted on the frame in a 
vertical position, with the brake tubes connected 
(Fig. 9) 

If 2 malfunction occurs within the switch, discon 
nect tubes from body assembly and install a new 
assembly. The component parts of the switch body 
are not serviced. However, the terminal unit can 
be removed if a malfunction occurs and a new ter- 
minal unit installed 

If a new body 1s installed, bleed the brake system 


TESTING BRAKE WARNING SWITCH 

The brake warning light flashes only when the 
parking brake 1s applied with the ignition key 
turned “ON”. The same light will also illuminate 
should one of the brake systems tail 
To test the system 
tuvn the ignition key “ON”, and apply the parking 
brake. If the light fails to light, inspect for a burned 
out bulh, cisconnected socket, a broken or discon- 
nected wire at the switch 

To test the service brake warning system, raise the 
car on a hoist and open a wheel cylinder bleede 
while a helper depresses the brake pedal and ob- 
serves the warning light. If the light fails to light, 
inspect for a burned out bulb, disconnected socket, 
a broken or disconnected wire at the switch. If the 
bulb is not burned out and the wire continuity 1s 
proven, replace the brake warning switch in the 
brake line Tee fitting mounted on the frame rail in 
the engine compartment below the master cylinder 


COMBINATION BRAKE WARNING 
SWITCH/PROPORTIONING VALVE 

This valve combines the brake (differential) warn 
ing switch and the rear brake proportioning valve 
into one body, and im addition incorporates a pro 
portioning valve bypass feature which provides full 
Pressure to the rear brakes in the event of front sys 
tem pressure loss 
BRAKE WARNING SWITCH UNIT 

The brake warning switch unit of the brake warn 
ing switch/proportioning valve assembly (Fig. 3) 1s 


two service 


when the brake pedal is applied 


PORT 


SWITCH A 


FROM MA 
CYLINDER PO 
STAMPED r 


4 “ Z y 

Z een’ j 
SWITCH BODY if 
Yr 


—{L J “\ SPRING 


OUTLET 
TO REAR 
BRAKE TUGE 


PLUG 


Fig Brake Warning Switch (Sectional) 


used to warn t vehicle operator that one of th 
hydraulic systems have A failure in 
of the brake system does not result in failure 
entire hydraul 
ure of the 
brake system still « 


failed 


on pal 
t 


f the 
in example, fail 
leave the front 


system. As 
will 


Orane 


rear brake system 


ynerat > 
perative 


Fig. 2 - Brake Warning Switch (Exploded View) 
Typical 


NET T RIGHT oem INLET FROM 
RONT BRAKE cee MASTER CYLINDER 
‘ } : PORT MARKED “'F 


\ 4 
'y 


a 


OUTLET TO FRONT 
BRAKE TUBE 


INLET FROM MASTER 


CYLINDER PORT MARKED “R’ PBS37A4 


Fig. 3 - Brake Warning Switch/Proportioning Valve 
Assembly (Exploded View) 


BRAKE WARNING FROM MASTER CYLINDER 
WITCH PROPORTIONING OUTLET MARKED 
VALVE ASSEMBLY S ge 


aii FROM MASTER 
CYLINDER OUTLET 
MARKED “R” 


\ PRE 
TO RIGHT. \ 
BRAKE \ We 

‘ 


FRONT 


PROPORT 


TO LEFT 
INT BRAKE 


IRTIONING 
OUTLET 


OUTLET 
PRESSURE 


INLET PRESSLY © 


Fig. 5 - Testing Proportioning Valve Unit 
As pressure falls in one system, the other system's 
mal pressure forces the piston to the inoperative 
switch terminal, causing a red 
come on the instrument panel, 
Operator of the vehicle, that one 
ms has failed and should be repaired 
a malfunction occurs within the switch, discon 
tubes from body and install a new 


embly The component parts of the switch body 
are not serviced. However, the terminal 


side. contacting the 
warning light to 
thus warning the 
of the syst 
If 


nect assembly 


unit can 


b moved if a malfunction occurs and a new ter 
minal unit installed 
Moa new warnnp switch body assembly js 


mstalled, bleed the brake system 


TESTING BRAKE WARNING SWITCH UNIT 
The testing procedurs 


for the warning switch unit 
t the brake 


warning switch/proportioning valve as 
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Broke Warning Switch Proportioning Valve 


Assembly (Sectional) 
dentical to that 


used for the drum brak 
warnin witch 
PROPORTIONING VALVE UNIT 
The proportioning valve unit of the th Varney 
switCh/ proportioning valve assembly (Figs 3 md 4) 
Operales by resincting, at a Biven ratio, hydraulyn 
pressure to the rear brakes when system hvdraulhe 


pressure reaches a cert 


in pomt 


On light pedal application the valve allows full 
brake hydraulic pr<sure to the rear brakes 

If hydraulic pressure 1s lost in the front brak 
System, rear brake system hydraulx pressure moves 


the brake warning switch piston and opens a bypass 


in the proporti ning unit allowing full rear brake 
hydraulic pressure 


TESTING PROPORTIONING VALVE UNIT 
When a premaiure rear wheel slide 
brake application, if usually 
fluid pressur 
hon 


iS Obtained oF 
IS an indication that the 
to the rear brakes is above the reduc 
ratio for the rear line pressu 
function has occured within the 
which shouid be test 


* and that a mal 

proportioning valve 
To test the 

follows 


proportioning valve proceed as 


(1) Install one of gauge set ¢ 


4007A and I" be 

tween brake |) from master cylinder port marked 
R" and | varming switch proportioning valve 

assembly, a maining gauge bet 1 Output « 
of valve un.! and rear brake line (Fig. 5). Be sure 


front brake tubes remain connecied when testing the 


—— 
tren or ec thse eeesee-etninantnrames 
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Fig. 6 - Brake Warning Switch/Metering Valve 
Assembly (Sectional) 
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Fig. 8 - Combination Brake Warning/Proportioning 
(Metering Valve Assembly (Sectional) 
Proportioning valve and be sure all joints are fluid 

tight 


2) Have a helper exert pressure on brake pedal 


(holding pressure). Obtain a reading on master cyl- 
inder output of approximately $00 p.s.i 
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LET MARKED 'F 


TO 
FRONT 
VALVE STEM 


TO 
REAR BRAKES 


BRAKE 


4 


FRONT BRAKE PBS38 


Fig. 7 - Brake Warning Switch/Metering Valve 
Assembly (Exploded) 
(3) While pressure is being held as above, reading on 
valve outlet Gauge should be 360 to 405 p.s.1 
If the proportioning valve pressure readings do not 


meet the specifications, the assembly should be 
replaced 

COMBINATION BRAKE WARNING 
SWITCH/METERING VALVE 

All disc brake equipped suburbans use a brake 
warning switch and metering valve combined into 


one body (Fig. 6 and 7) 
METERING VALVE UNIT OPERATION 


The metering valve holds off hydraulic pressure to 


the front disc brakes in the 35 to 135 psi range to 
allow the rear drum brake shoes to overcome the 
return springs and begin to contact the drums. This 


feature helps prevent locking the front brakes on icy 
surtaces under light braking conditions. The meter 
ing valve has no effect on front brake pressure dur 
ing hard stops 


CHECKING METERING VALVE 


(1) A slight “bump” can be felt by the foot as the 
brake pedal is stroked. This bump will occur after 
the pedal has been stroked about | inch 

(2) A visual check will show that the valve stem 


extends slightly when the brakes are applied and re 
tracts when ‘he brakes are 
(3) In case of a metering valve malfunction, re- 
nuove valve and install a new valve 
assembly, 
BRA“® WARNING SWITCH UNIT 
(COMBINATION BRAKE WARNING 
SWITCH/METERING VALVE) 
The brake warning switch used in these combina 
Gon valves are one cf two latching types. If 


released 


combination 


a pres 


sure loss occurs in ore side of the dual brake sys 
tem the piston in the valve will move toward the 
failed side and latch in that position This will 
cause the brake system warning light to come or 
and stay on until the brake system ts repaired At 
ter repairing and bleeding the brake system, applyiny 
the brakes with moderate force will hydraulically 
re-center the piston and automatically turn off the 


warning light’ DO NOT DISASSEMBLE THE VALVE 
TO RESET THE PISTON. 
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es 
TER oat FRONT SYSTEM PROM MASTER CYLINDER the rear brakes When system hydraulic pressure 
ig bag a” OUTLET gq OUTLET MARKED “R’ reaches =: certain point ; 
, -FRONT OUTLET PRESSURE On light pedal application the valve allows full 
SYSTEM INLET brake hydraulic pressure to the rear brakes 
ae SWITCH 


ASSEMBLY 


PROPORTIONING 
UNIT 


PD366 


Fig. 9 - Testing Proportioning Unit of Combination 
Brake Warning, Froportioning/Metering Valve 


TESTING BRAKE WARNING SWITCH UNIT 


The brake warning light flashes only when the 


parking brake 1s applied with the ignition key 
turned “ON”. The same light will also illuminate 
Should one of the two service brake systems fail. 

To test the system turn the ignition key “ON”, 
and apply the parking brake. If the light fails to 
light, inspect for a burned out bulb, disconnect 
socket, a broken or disconnected wire at the switch 

To test the service brake warning system, raise the 
car on a hoist and open a wheel cylinder bleeder 
while a helper depresses the brake pedal and ob- 
serves the warning light. If the light fails to light, 
inspect for a burned out bulb, disconnected socket, 
a broken or disconnected wire at the switch. If the 
bulb is not burned out and the wire continuity is 
proven, replace the brake warning switch mounted 


in the engine compartment below the master 
cylinder 


COMBINATION BRAKE WARNING 
SWITCH/METERING/PROPORTIONING VALVE 


(ALL DISC BRAKE EXCEPT VALIANT AND 
SUBURBAN MODELS) 


The ‘3-way” 


combination valve (Fig. 8) contains 
the same 


metering and brake warning switch units 
as the combination brake warning switch/metering 
valve. In addition this valve contains a rear brake 
proportioning valve bypass feature 


PROPORTIONING VALVE UNIT 


The Proportioning valve — unit 


Operates by 
restricting, at 


4 given ratio, hydraulic pressure to 


If hydraulic 


pressure is lost in the front brake 
system, 


rear brake system hydraulic 


pressure moves 
the brake warning switch m 


ston and open and by- 


pass in the proportioning unit allowing full rear 


brake hydraulic pressure 


TESTING PROPORTIONING VAL VE UNIT 

When a premature rear wheel slide is obtained on 
brake application, it usually is an indication that the 
fluid pressure to the rear brakes is above the 50% 
reduction ratio for the rear line pressure and that a 
malfunction has occurred within the proportioning 
valve unit which should be tested 

To test the proportioning 
follows 
NOTE: During testing leave fron 
nected to the vaive. 

(1) Install one gauge and “ 
tween brake line from 


valve, proceed as 
t brake lines con- 


I’ of set C-4007A be- 
master cylader port marked 
“R” and brake valve assembly (Fig. 9) 

(2) Install the s cond gauge and “T" of set 
C-4007A between vaive assembly and the rear br 


ake 
line. (An adapter tube m; 


ade up locally of a 9/16 x 
20 tube nut short piece.ot brake tube and 3/8 x 24 
tube nut will be required to connect the “T’ 
valve) 

(3) Have a hel 
dal (holding pres 
inlet 


to the 


per exert pressure on the brake pe 
sure) lO get a reading on the valve 
gauge and check the reading on the outlet 
gauge, if the inlet and outlet pre 


Ssures do not agree 
with the values on the follow 


ing chart. Replace the 


valve 
inlet Pressure 
From Master Outlet Pressure 
Model! —Lylinder_ To Rear Brakes 
Fury, Chrysler, 
Imperial 700 550610 
Valiant, Barracuda 
Satellite 500 360-405 


(5) New valve 


assemblies are shipped in the 
front failed positi 


on to improve bleeding. When 
installing a new valve bleed the rear brakes first 
After bleeding both front and rear systems applying 
the brakes with moderate force will hydraulically 
reset the switch and turn off the warning light 


BLEEDING VEHICLES WITH METERING 
VALVES (BOTH BRAKE WARNING 
SWITCH/METERING AND BRAKE WARNING 
SWITCH/METERING/ PROPORTIONING 
ASSEMBLIES) 

All disc brake vehicles except Valiant models, are 
equipped with a pressure metering valve 


The valve 
18 located (in the combination 


valve) on the left 


Fig. 10 - Holding Valve Open (Brake Warning 
Switch/Metering Valve Assembly) 


frame rail. The use of the metering valve is to bet- 
ier match front disc b akes with the rear drum 
brakes, resulting in improved braking and steering 
control on icy surfaces 

Due to operating characteristics of the valve, 
which causes complete shut-off of the flow of brake 
fluid between approximately 3 and 135 psi, front 
brake bleeding procedures should be done as 
follows 

(1) Gravity Bleed: 
effected by the metering valve, 
always below 3 psi 


This method of bleeding is not 
as fluid pressures are 
Remove master cylinder reser- 
and gasket, then fill reservoirs with ap 
proved brake fluid) Open dise brake bleeder screws 
and allow fluid and air to drain until stream of 
fluid as free of air 
(2) Pedal Bleed: 
affected by the 
in excess of 135. psi 


vor Cover 


This method of bleeding is not 
metering valve, as fluid pressures are 
Follow normal procedu:e of 
pumping pedal and opening bleeder screws. Do not 
pump master cylinder dry! 
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(3) Pressure Bleed. This method of bleeding is in 


fluenced by the metering valve. Bleed pressure, 
which is normally about 35 psi, is high enough to 
Cause the metering valve to close, stopping the flow 
of fluid to the front brakes. However, the valve 
(Fig. 10) can be held open manually by using Teol 


C-4121, to pull the valve stem out 

CAUTION: Under no condition should a rigid 
clamp, wedge or block be used to depress the 
valve stem, as this can cause an internal failure 
in the valve, resulting in complete loss of front 
brakes. 

It should be noted that the pressure release valve 
stem is in its innermost position when there is no 
pressure present. No attempt should be made to 
further depress the valve stem 


BLEEDING SATELLITE AND BARRACUDA 
MODELS WITH COMBINATION BRAKE 
WARNING 
SWITCH/METERING/PROPORTIONING 
VALVES 


Because the valve assemblies in these models are 
mounted vertically the following bleeding procedure 
should be followed 

(1) Crack a front bleeder screw and apply the 
brakes to produce a front failure condition (the 
warning light will come on and stay on) 

(2) Bleed the rear brakes using any of the three 
approved methods described above 

(3) Bleed the front brakes using any of the three 
approved methods (see “Bleeding Vehicles with Me 
tering Valve’) 

(4) After bleeding both brake systems apply the 
brakes with moderate furce. This will hydraulically 
recenter the brake warning switch and turn off the 
warning light 


WHEEL CYLINDERS 


INDEX 
Page Page 
Assembling Wheel Cylinders .. steele dabetnecatel ane Installing Wheel Cylinders..........0.000.... a | 
Disassembling Whee! ee eexiaieiienorecesves UIE Removing Brake Supports... ccc 29 
General Information................. sieansiccaninanentedie 21 Removing Wheel Cylinders... 0... 21 
Installing Brake Supports... cee 24 


GENERAL INFORMATION 


A piston stop (Fig. 1) ts welded to the support 
plates to prevent the from noving out far 
enough to lose brake Mud. The pis.on boots are of 
the press and prevents moisture from enter- 
ing the 

To perform service Operations or inspections of the 
it will bs necessary to remove the 


pis Libs 


on type 


wheel cylinder 


Wheel cylinders, 


-~8490 


cylinders fr 
the bench 


support plate and disassemble on 


REMOVING WHEEL CYLINDERS 


Front or Rear 

With all the brake drums removed, inspect the 

wheel cylinder boots for evidence of a brake fluid 

leak. Visually check the boots for cuts, tears, or 
[Px 155, p 5-21] 
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WHEEL CYLINDER, PISTON STOP 


PUSH ROD 


= SUPPORT NR109 
Fig. 1 - Wheel Cylinder Piston Stops 

heat cracks, and if any of these conditions exist, the 

wheel cylinders should be completely cleaned, in- 

spected and new parts installed. (A slight amount of 

fluid on the boot may not be a leak, but may be 

preservative fluid used at assembly.) 

(1) In case of a lek, remove brake shoes, (replace 
if soaked with grease or brake fluid.) 

(2) Disconnect brake hose from brake tube at 
bracket (front wheels) or disconnect brake 
tube from wheel cylinder (rear wheels) 

(3) Disconnect brake hose or tube from wheel cyl- 
inder (front). Remove wheel cylinder attaching bolts 
(front or rear), then slide wheel cylinder assembly 
out of support 


lrame 


DISASSEMBLING WHEEL CYLINDERS 


Front or Rear 
To disassemble the wheel cylinders, (Figs. 2 or 3) 
proceed as follows 


(1) Using a suitabic tool, pry boots ¢way from cyl- 


ZY ayaany 
PRESS ON-BOOT 
IN 
cu 


PIST 
/ # 


SPRING 
J 


FRONT-HOUSING 


5/16” BLEED seuw—_ J 


inders and Remove rods (if so 
equipped) 

(2) Press in on one piston and force out piston, 

ig Cup and piston 

h wheel cylinder, pistons, and spring in 

fluid or alcohol; clean thoroughly and 

blow dry with compressed air. Inspect cylinder bore 

and piston for scoring and pitting. (Do not use a 

rag as lint from the rag will adhere io bore 
surfaces.) 

Wheel cylinder bores and pistons that are badly 
scored or pitted should be replaced. Cylinder walls 
that have light scratches, or show signs of 
corrosion, can usually be cleaned with crocus cloth, 
using a circular motion. Black stains on the cylinder 
walls are caused by piston cups and will not impair 
operation of cylinder 


remove 


push 


ASSEMBLING WHEEL CYLINDERS 


Front or Rear (Figs. 2 or 3) 

Before assembling the pistons and new cur in the 
Wheel cylinders, dip them in clean brake fluid. If 
the boots are deteriorated, cracked or do not fit 
tightly on the push rods or the cylinder casting, 
new boots must be installed. 

(1) Coat cylinder bore with clean brake fluid 

(2) Install expansion spring in cylinder. Install 
cups in each end of cylinder with open end of cups 
facing each other 

(3) Install pistons in each end of cylinder with re- 
cessed end of pistons facing open ends of cylinder 

(4) Install boots over ends of cylinder and press 
over ends until boot is seated against cylinder 
shoulder. Use care not to damage boot. 


REAR- HOUSING 


ra 


5/16" BLEED SCREW 


PRESS ON-BOOT 


Fig. 2 - Wheel Cylinder 9 Inch Brake (Front & Rear) 


[PX 


155, p 5-22) 


{PX 


155, 


PRESS-ON BOOT 


PISTON CcuP 


FRONT-HOUSING 


p 5-23) 
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REAR HOUSING 


/TX 


PISTON 


Os as 


ON BOOT 


PY 426A 


Fig. 3 - Wheel Cylinders 10 and I! Inch Brake 


INSTALLING WHEEL CYLINDERS 


Front or Rear 

(1) Shde wheel cylinder into position on support 
(front or rear). Install mounting screws and torque 
to 110 inch-pounds (9 inch brakes) or 220 inch- 
pounds (10 and 11 inch brakes). A small amount of 
rotation of the wheel cylinder may be expected 

(2) Connect brake tube to rear wheel cylinder and 
torque to 11% »\.ch-pounds 

(3) Ail except Valiant. Connect brake 
front wheel cylinder, using a new gasket. T 
25 foot-pounds, before attaching brake 
frame bracket. Then attach brake hose 
bracket 
CAUTION: Tho flexible hydrauviic brake hose 
should always be installed in the vehicle by first 


hose to 
‘orque to 
hose to 
to frame 


BRAKE LINE BRAKE HOSi 


zy {0 OFF BRACKET 


JUMPER TUBE 
FRAME BRACKET 9 INCH BRAKE 
STAND Off 
BR* KET | 
ae) 


) 


Hy Ges STEERING 

BRAKE LR eee) _— KNUCKLE 
\ Ny | 

iP 

BRAKE HOSE Lor: 10 INCH BRAKES 


(ASSEMBLE AS SHOWN P0303 


Fig. 4 - Wheel Cylinder to Brakeline Components 


tightening the male end of the hose in the wheel 
ylinder or rear axle housing tee. The hose should 
then be attached to the hose bracket in a manner 
to give minimum twist (15 degree twist is the 
maximum recommended). Excessive twist can re- 
sult in hose interference problems with possible 
hydraulic system failure. 

Valiant only. Connect jumper tube (Fig. 4) into 
wheel cylinder and torque to 115 inch-pounds. Atta 
ch brake hose to frame bracket and connect brake 
line to hose and torque to 115 inch-pounds. Position 
brake hose through stand off bracket and thread 
jun.ner tube into brake hose. Attach brake hose to 
stand off bracket and then torque jumper tube to 
105 inch-pounds 

(4) Connect brake line to hose and torque to 115 
inch-pounds 


REMOVING BRAKE SUPPORT 


(Front) 

(1) Disconnect 
frame bracket 
(2) With wheel and brake druni removed 
four support attaching nuts and washers 
(3) Remove and brake 
spindle 


brake line from brake hose at 


remove 


support assembly from 


(Rear) 

(1) With wheel and brake drum removed, remove 
support attaching nuts and washers 

(2) Remove rear axle shaft and retainer 
(3) Disconnect hydraulic brake line 
cylinder 


(4) 


from. wheel 


Disengage brake cable from parking brake 


(PX 155, p 5-24) 
5-24 PARKING BRAKES . 
) Valiant only 
Place support on spindle and install attaching 
olts, nuts, and washers. Torque the top attaching 
olts to 55 foot-pounds. The bottom attaching bolts 
are to be torqued to 100 foot-pounds 
(3) Connect brake hose to whee! cylinder and 
tighten to 25 foot-pounds, before connecting brake 
hose to frame bracket Then attach brake hose to 
=r acti frame bracket 
; CAUTION: The flexible hydraulic brake hose 
should always be installed in the vehicle by first ; 
tightening the male end of the hose in the wheel 
cylinder or ‘sar axle housing tee. The hose should 
then be attached to the hose bracket in a manner 
CABLE RETAINING CLIP to give minimum twist (15 degree twist is the 
maximum recommended). Excessive twist c . re- 
NF 596 sult in hose interference problems with p - :ible 
hydrauiic system failure. 
Fig. 5 - Removing Brake Cable From Support (4) Connect brake line to brake hose and torque ’ 
lever to 115 inch-pounds a. 
(5) Using a suitable tool compress three flared legs aay 
of cable retainer and pull brake cable out of suppor (Rear) a 
(Fig 5) (1) Install brake shoes on suppe rt Pigs 
; (6) Remove brake support from rear axle housing (2) Install support onto rear axle .Jusing . 
(3) Insert rear axle shaft and r “ner into } ».ung K 
INSTALLING BRAKE SUPPORT and instali axle retainer nuts ana was. -rs. 4 ghten 
retainer nuts to 35 foot-nounds 
(Front) (4) Attach brake line to wheel cylinder and tight- 
(1) All except Valiant en to 115 inch-pounds 
Place support on spindle and install attachjng (5) Insert parking brake cable into su, port plate 
° bolts, nuts, and washers. Torque the top attaching and attach cable to parking brake lever | 
bolts to 55 foot-pounds. The bottom attaching bolts (6) Install brake drum and wheel. Bleed and ad- 
are to be torqued to 120 foot-pounds just brakes s 
PARKING BRAKES 
INDEX 
Page rege 
Adusting Parking Brake........... 25 Removing Front Parking Brake Cable............. 2 
SONOLA) WrFOPMIBUOM vices sicissecccosisersecescoseccsccsossacteates 24 Removing Rear Parking Brake Cable... 25 
‘ Installing Front Parking Brake Cable.............. 27 Service Diagnosis...........cccceseeseererees 26 
- Installing Rear Parking Brake Cable............... 26 
* GENERAL INFORMATION cable. The wheel brake cables are joined together by 
The rear wheel service brakes also act as parking a forward brake cable and equalizer extending to | ‘ 
brakes The brake shoes are mechanically operated the parking brake pedal or release handle (Figs 1, 2 ‘ 
by a lever and strut connected to a ficxible steel and 3) i 
} 
% 
[k » p 5-24) , 
a E-843 
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SERVICE DIAGNOSIS 
Condition Possible Cause Correction 
ORAGGING BRAKE (a) Improper cable or brake shoe {a} Property adjust the service 
adjustment. brakes, then adjust the parking 
brake cable 
(b) Broken brake shce return (b) Replace any broken return 
spring. spring. 
(c) Broken brake shoe retaine: (c} Replace the broken retainer 
spring. spring. 
(d) Grease or brake fluid soaked (d) Replace the grease seal or 
lining. recondition the wheel cylinders 
and replace both brake shoes 
(e) Improper stop light switch (e) Adjust stop light switch 
adjustment 
(f) Sticking or frozen brake cable (f} Replace cable. 
(g) Broken rear spring. (g) Replace the broken rear spring 
(h) Bent or rusted cable equalizer (h) Straighten, or replace and 
luoricate the equalizer. 
(i) Heat set parking brake cabie (i) Replace parking brake cable 
spring. 
BRAKE WiLL NOT HOLD (a) Broken or rusted brake cable. (a) Replace cable 
(b) Improperly adjusted brake or (b) Adjust brakes and cable «s 
cable. necessary. 
(c) Soaked brake lining (c) Replace the brake lining 
(d) Ratchet or pedal mechanism {d) Replace pedal assembly 
worn. 


SERVICE PROCEDURES 


ADJUSTING PARKING BRAKE 

The service brakes must be properly adjusted 
before adjusting the porking brake. 

(1) Release parking brake lever and loosen cable 
adjusting nut to insure cable is slack, (Figs. 1, 2 or 
3). Before loosening cable adjusting nut, clean 
threads with wire brush and lubricate with grease 

(2) Tighten cable adjusting nut until a slight drag 
is felt while rotating wheel, loosen cable adjusting 
nut until both rear wheels can be rotated freely, 
then back off cable adjusting nut two full turns on 
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Fig. 1 - Parking Brake Cable Routing (Valiant) 


all mode! 
(3) Apply 
and test to see that rear wheels rotate freely without 


, > . 1 » a 
parking Drath several times, then release 


dragging 


REMOVING REAR PARKING BRAKE CABLE 


The independent rear brake cables are attached to 


an equalizer (Figs. 1, 2 or 3). The front cable 1s ad 
justed at the equalizer 

Should it become necessary to remove the parking 
brake cable (rear) for installation of a new cable 
proceed as follows 

(1) With vehicle jacked up or on a suitable hois 
remove rear wheels 

(2) Disconnect brake cable from equalizer 

(3) Remove retaining clip from brake cuabl 
bracket 

(4) Remove brake drum from rear axle 

(5) Remove brake shoe return springs 

(6) Remove brake shoe retaining springs 

(7) Remove brake shoe strut and spring from 
brake support and disconnect brake cable from op 
erating arm 

(8) Compress retainers on end of brake cabl 
housing (Fig. 4) and remove cable from support 


INSTALLING REAR PARKING BRAKE CABLE 


When insialling a new brake cable, lubricate the 
cable with short fibre grease at the contact 


4 gc . is »« 
(PX 155, p 5-25 
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Fig. 2 - Parking Brake Cable Routing (Barracuda ond Satellite) - Front Hook Satellire Models Only 
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Fig. 3 - Parking Brake Cable Routing (Fury, Chrysler, (Imperial) 
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CABLE RETAINING CLIP 


NF 596 


Fig. 4 - Removing Brake Cable From Support 
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Fig. 6 - Parking Brake Pedal (Barracuda Satellite) 
points. 

(1) Insert brake cable and housing into brake sup- 
port plate making certain that housing retainers 
(Fig. 4) lock the housing firmly into place 

(2) Holding brake shoes in place on support plate, 
engage brake cable into brake shoe operating lever 
Install parking brake strut and spring 

(3) Install brake shoe retaining springs, and brake 
Shoe return springs 

(4) Install brake drum and wheel 

(S) Insert brake cable and housing into 
bracket and install retaining chp 

(6) Insert brake cable into equalizer. Note different 
size slot for corresponding cable end fitting 

(7) Adjust service brakes and then parking brake 


cable 


NUT AND 
WASHER (2) 


cable 


REMOVING FRONT PARKING BRAKE CABLE 
(1) Disengage front parking brake cable from 
bar (Figs. 1, 2 or 3) 

(2) Disengage cable from guide clip 

(4) Using a screwdriver force cable housing and 
attaching clip out of body crossmember 


equalizer 
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GROMMET | TORQUE } 
INSIDE AY 53 IN 6! 


CAR = 4 
KBy220 IN 4B. 


ASSEMBLY RETAINER 
“A fn 
I yo Bay 
FWD € Fx ‘ 
CABLE ASSEMBL fr 


+ os FRONT 


VIEW B PD305 


Fig. 5 - Parking Srake lever (Valiant) 


ee g PARKING BRAKE 


~ = . LEVER ASSEMBLY 
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* >) anit 


BRAKE LIGHT 
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Fig. 7 - Parking Brake Pedal (Fury and Chrysler) 


(4) Fold back left front edge of floor mat and re 
move rubber cable cover from floor pan 

(5) Engage parking brake and work brake cable up 
and out of brake pedal linkage, (Figs. 5, 6, 7 or 8) 

(6) Using a screwdriver, force upper end of cable 
housing and clip down out of pedal assembly bracket 

(7) Remove cable to floor pan clip and work cable 
and hosing assembly up through floor pan 


INSTALLING FRONT PARKING BRAKE CABLE 

(1) Insert parking brake cable down through floor 
pan 

(2) Install cable housing into underbody mounting 
bracket 

(3) Insert end fitting of cable into parking brake 
clevis and force housing and retaining clip into pe 
dal bracket assembly 

(4) Insert cable through crossmember and force 
housing and retaining clip into crossmember 

(5) Install cable seal 
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CFD TANK ASSEMBLY 
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cy POWER BRAKE 
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RELEASE VALVE AND 
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Fig. 8 - Parking Brake Vacuum 


(6) Attach 
brake cable 
(7) Apply brakes several times and test for free 
wheel rotation 

(8) Test operation of vacuum release 
nial only) 


PARKING BRAKE VACUUM VALVE 
(IMPERIAL) 


(1) Place transmission 
“Drive” (engine off) 


cable to equalizer 


and adjust parking 


valve (Impe- 


shift selector lever in 


ACTUATING ARM TO ENGINE MANIFOLD 


(HOSE CONNECTION) 


VACUUM VALVE 


NO. 42 DRILL 
" TO VACUUM CYLINDER 
(HOSE CONNECTION) 
NP407A 


Fig. 9 - Parking Brake Vacuum Valve 


PARKING BRAKE LEVER 
7, ASSEMBLY AND 
VACUUM ACTUATOR 


Valve, Actuator and tank (Imperial) 


(2) Remove vacuum hoses from unit (Fig. 9) 


(3) Remove screws that attach vacuum unit to 
steering column jacket, then remove vacuum valve 


lo install vacuum valve unit, (Fig. 9), proceed as 
follows 


(1) Move actuating arm on valve against spring to 
extreme position, or until locating holes line up. In- 
stall a number 42 drill in ‘ole to properly position 
valve for installation (Fig. 9) 


(2) Move transmission shift 
“Park” position 


selector lever into 


(3) Place valve in position on steering column 

jacket and install attaching screws. (Do not tighten.) 
Rotate valve clockwise (viewed from drivers 
position) until actuating arm contacts tab inside 
steering column jacket. Tighten screws securely 


(4) Remove drili from locating hote 


(5) Install vacuum hoses. (Be sure hose from en- 
gine manifold is aitached to center fitting on valve 
(Fig. 9) 


(6) Start engine and check to see that parking 
brake can be set i neutral and park position, and 
will release in reverse and drive positions 


GRABBING BRAKES 


PECAL GOES TO FLOOR (OR 
ALMOST TO FLOOR) 


HARD PEDAL (POWER UNIT 
TROUBLE) 


(b) 
(c) 
(d) 
(e) 


(f) 
(g) 


(h) 


(a) 


(a) 


Bree pedal linkage binding. 


Excessive hydraulic seal friction. 


Compensatcr port plugged. 
Fluid cannot retusn to master 
cylinder. 

Parking brake no? return.ag. 
Disc brake metering vaive 
malfunction. 

Contaminated brake fluid. 


Grease or brake fiuid on linings 


Self-adjusters not operating. 


Air in hydraulic system. 
Hydraulic leak. 

Fluid low in master cylinder 
Shoe hanging up on rough 
platform. 

Loose disc brake rotor 


Faulty vacuum check vaivo 


Collapsed or leaking vacuum 
hose 

Plugged vacuum fittings 
Leaking vacuum chamber 
Diaphragm assembly out of 
place in housing. 

Vacuum leak in ‘orward 
vacuum housing 


E-848 


(a) 


(b) 
(c) 
(d) 
(e) 


(f) 


Free up linkage 

Lubricate seal. 

Clean out master cylinder 
Inspect pedal return. 


Free up as required. 
Replace metering vaive 


Drain and flush system-repiace 
all rubber parts in hydraulic 
system. 


inspect for a leak and repiace 
lining as required. 


inspect self-adjuster operations 
Bleed brakes. 

Locate and correct leak 

Add brake fluid 

Smocth and lubricate platforms 


Check wheel bearing 
adjustment. 


Replace check valve 
Replace hose 

Clean out fittings 
Replace unit. 


Replace unit. 


Replace unit 
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GENERAL INFORMATION 

The power brakes (Figs. 1,2,3 and 4) are self con 
tained vacuum hydraulic power braking units which 
utilizes engine intake manifold vacuum and atmos- 
pheric pressure to provide power assisted application 
of the vehicle brakes. This provides lighter pedal ef. 
fort in combination with reduced pedal travel, 
bringing the brake pedal height down to the ap- 
proximate height of the accelerator when at closed 
throttle conditions 

The Midland Ross power brake units can be iden- 
tified by a clamp type band method of attaching the 
housing and cover together. Bendix units use a twist 


lock method of attaching the housing and cover 

The power brake unit mounts on the engine side 
of the cowl panel and is externally connected to the 
brake system by a pedal link to the brake pedal, by 
a vacuum line to the intake manifold (through a 
check valve) and hydraulic tubes from the master 
cylinder to the wheel units 

The master cylinder is part of the power brake 
assembly. This master cylinder contains all of the 
standard brake master cylinder elements, except for 
a special push rod wiich is part of the power brake 
unit 


SERVICE DIAGNOSIS 


Condition 


ORAGGING BRAKES (ALL 


smsesecie\ adiscetand 


_ Possible Cause 


(a) Brake shoes improperly 


Correction 


(a) Adjust brakes 
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MIDLAND-kOSS POWER BRAKE 


(Small 


eem Diaphragm) 


SERVICE PROCEDURES 


REMOVING POWER BRAKE 
(1) Remove nuts attaching master cylinder 
brake unit. Remove master cylinder from unit. 


to 


(2) Discor..:ct vacuum hose from power brake 
heck valve 

(3) Remove nut attaching brace and suppurt to 
power unit (Fig. 1) 

(4) Remove nut and bolt that attach power brake 
pedal link to pedal. (Under instrument panel.) 

(5) Remove nuts and washers that attach power 
brake unit to dash panel 

(6) Remove power brake from vehicle. 


INSTALLING POWER BRAKE ON VEHICLE 

(1) Install new dash panel to power brake gasket 
(2) Position power brake unit on dash panel, then 
install attaching nuts and washers and tighten to 
150 inch-pounds 


el 
ftom 
a 


Ps 


CONNECTOR 


y 


MANIFOL 
ENG 


8) 
6 CYL SHOW?! 
POWER BRAKE 
ASSEMBLY 
TANDEM MASTER 
CYLINDER 


(3) Using ludriplate or equivalent, coat the bearing 
surface of bolt that connects power brake pedal link 
with brake pedal linkage. Install bolt and nut 
Tighten to 30 foot-pounds. 

(4) Connect vacuum hose to unit 

(5) Attach brace and support, secure with nut and 
torque to 150 inch-pounds. 

(6) Install master cylinder to front cover mounting 
studs and tighten nuts to 150 inch-pounds 

With power brake attached to dash panel ana ac- 
uum supplied to unit, the master cylinder should 
compensate (force jet fluid up through front cham- 
ber compensation port.) 

(7) Check stop light operation 


CAUTION: De not attempt tc disassemble brake 
booster as this unit will be serviced by 
Manufacturer's Service Station. 
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Fig. | - Power Brake Assembly (Valiant Models) 
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POWER BRAKE ASSEMBLY 


(Single Diaphragm) 


Service Procedures 


REMOVING POWER BRAKE 
(1) Remove nuts a.iaching master cylinder to 
} brake unit. Remove master cylinder. 

(2) Disconnect vacuum hose from power brake. 

(3) From under instrument panel, remove nut and 
attaching bolt from power brake input push rod and 
brake pedal blade. On linkage type power brake 
unit, remove lower pivot retaining bolt (Fig. 2). 

» (4) Remove four power brake attaching nuts and 
washers. 

(5) Remove power 
equipped), from vehicle. 


brake, and linkage (if so 


INSTALLING POWER BRAKE 
(1) Install power brake assembly into dash and 
tighten attaching nuts !|50 inch-pounds. 


THROTTLE ROD _SPARK PLUG WIRE 
REFERENCE by, REFERENCE 


HOSE ROUTING 
ALL 6 CYL, 318, 340, 400-2881 
CU_ IN. ENGINES 


HOSE CLAMP 


a 
” x a aot 


—_—_— 
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CYLINDER LEVER ASSEMBLY 


AND PUSH ROO 


ACCELERATOR CABLE 
MOUNTING BRACKET REFERENCE 


HOSE ROUTING FOR 
400-4861 CU_ IN. ENGINE 


/ 


(2) Install master cylinder on power brake. Tight 
en mounting nuts to 150 inch-pounds. ©.) power 
brake attached to dash panel and vacuum supplied 
to unit, the master cylinder should 
(force jet of fluid up through front chamber com 
peusation port). 

(3) Connect vacuum hose 

(4) Using lk.” iplate, or equivalent, coat the bear 
ing surface of bolt thet connects power ' 
link with brake pedal linkage. Install bolt and nut 
Tighten to 30 foot-pounds. Connect lower pivot bolt 
(if so equipped - tighten to 29 foot-pounds.) 

(5) Check stop light operation 
CAUTION: Do not attempt to disassemble brake 
booster as this unit will be serviced by 
Manufacturer's Service Station. 
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Fig 2 - Power Brake Assembly (Satellite and Barracuda Models with 10 Inch Brakes) 
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BENDIX POWER BRAKE 
(Large Single Diaphragm) 


SERVICE PROCEDURES 


REMOVING POWER BRAKE 

(i) Remove nuts attaching master cylinder to 
brake unit. Remove master cylinder from unit. 

(2) Disconnect vacuum line from check valve. 

(3) From under instrument panel, renove nut and 
bolt from power brake link and brake pedai (Fig. 3), 

(4) From under instrument panel remove four 
brake unit attaching nuts and washers 

(5) Withdraw brake unit assembly from vehicle. 


INSTALLING POWER BRAKE 

(i) Install power brake and linkage assembly (if so 
equipped) into dash panel. Install attaching nuts 
and washers. Tighten nuts to 150 inch-pounds 

‘2) Using lubriplate, coat the bearing surface of 


HOSe 


TANDEM MASTER 
CYLINDER 


HOSE ROUTING FOR 


Voor 360, 400-4BBL, 440 CU. IN. ENGINE 
c 
J 


So——_ ACCELERATOR CaP'E 


CONNECTOR MOUNTING BRACK: 


bolt that connects power brake pedal link with 
brake pedal. Install bolt and nut. Tighten to 30 
foot-pounds. Install lower pivot bolt (if so equipped 
- tighten to 29 foot-pounds.) 

(3) Attach vacuum hose to check valve 

(4) Install master cylinder on power brake Tight 
en mounting nuts to 150 inch-pounds. With power 
brak* attached to dash panel and vacunm supplied 
to unit, the master cylinder should compensate 
(fc rce jet of fluid up through front ch»mber com- 
pensation port). 

(5) Inspect adjstment of scop light switch 
CAUTION: Do not attempt to disassemble brake 
booster as this unit will be serviced by 
Manufacturer's Service Station. 
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Fig. 3 - Power Brake Assembly (Satellite and Barracuda Models with 1! Inch Brakes) (Fury and Chrysler 
Models with Automatic Transmission 
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MIDLAND-ROSS POWER BRAKE 
(large Tandem Diaphragm) 
SERVICE PROCEDURES 


REMOVING POWER BRAKE 

(1) Disconnect master cylinder from power brake 
unit. 

(2) Disconnect vacuum line from check valve. 

(3) From ‘nder instrument panel. remove push 
rod nut and boit from power brake and brake pedal 
(Fig. 4). ° 

(4) From under instrument panel remove ‘oor 
brake unit attaching nuts and washers. 

(5) Withdraw brake unit assembly from brake sup- 
port bracket. 


INSTALLING POWER BRAKE 

(1) Install power brake and linkage assembly (if so 
equipped) into dash panel. Install attaching nuts 
CLAMP —— 


a. —+ HOSE ROUTING 
} / 
No, POWER BRAKE UNIT 
CONNECTOR lf ASSEMBLY 
ACCELERATOR CASLE 
MOUNTING BRACKET 


TANDEM MASTER 
CYLINDER 


and washers. Tighten nuts to 150 inch-pounds 

(2) Using lubriplate or equivalent coat the bearing 
surface of bolt that connects power brake pedal link 
with brake pedal linkage. Install bolt and nut 
Tighten to 30 foot-pounds. 

(3) Attach vacuum hose to check valve. 

(4) Install master cylinder on power brake. Tight- 
en mounting nuts to 150 inch-pounds. With power 
brake attached to dash panel and vacuum supplied 
to unit, the master cylinder should compensate 
(force jet of fluid up through front chamber com- 
pensation port). 

(5) Inspect adjustment of stop light switch 
CAUTION: Do not attempt to -isassemble broke 
booster as this unit will be serviced by 
Manufacturer's Service Station. 


NUT AND WASHER 
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PLATE REINFORCEMENT 


NUT ANG WASHER 
ASSEMBLY (2) 
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Fig. 4 - Power Broke Asiembly (Fury, Chrysley Suburban or Manual Transmission ond All Imperial hodels) 
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GENERAL INFORMATION 

The disc brake (Fig. 1) is a fixed caliper, opposed 
piston, non-energized, ventilated disc type, actuated 
by the hydraulic system. There is no lateral move- 
ment of either the disc or the caliper. The caliper 
assembly consists of two caliper housings, bolted 
together. Each h»’f contains two cylinder bores of 
1-5/8 inch diameter. Each cylinder contains a seal, 
piston and externally attached molded rubber dust 
boot to seal the cylinder from contamination. The 
pistons are sealed by “rectangular section” rubber 
piston seals, positioned in grooves machined in the 
cylinder bores, which provide hydraulic sealing be- 
tween the pistons (Fig. 2), and the cylinder bores. 
The cylinders are connected hydraulically by 


means of internal passages in the caliper housings 
and by an external transfer tube between the two 
halves of the caliper assembly. A bleeder screw and 
a fluid inlet fitting are provided on each caliper as- 
sembly (Fig. 1) 

The shoe and lining assemblies are located be- 
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Fig. | 


- Dise Brake Atsembly (Sectional) 
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tween parailel machined abutments within the 


caliper, (Fig. 6) and are supported radially by 
“ears” on the outer ends of the shoe assemblies 
The shoes slide axially in the abutments and ride on 
machined ledges (bridges) when hydraulic pressure 
is applied to the pistons. The lining assembly con- 
sists of organic friction material, bonded to a metal 
plate called the shoe, and is replaced as a unit 
Brake torque is absorbed by the reaction of the shoe 
end against the caliper abutments. Two spring clips 
bolted in the top opening of the calimer act as shoe 
retaining springs. The caliper is mounted directly to 
the fret wkeel spindle and at the rear of the 
wheel’s vertical centerline (Fig. 3). 

The cast iron braking disc is of the ventilated type 
and incorporates cooling fins. This increases the 
cooling area and permits circulation of air through 
the disc, resulting in more rapid cooling of the 
brake. The disc is attached to the wheel hub by five 
flathead serrated bolts. The outside diameter of the 
disc is 10.98 inches and the inside is 6.98 inches. A 
splash shield bolted to the spindle is used to prevent 


{PX 155, p 5-34) 


[Px 155, 


P 5-35) 


PISTON PISTON 
SEAL 


VENTILATED 
DISC 


CALIPER 
(OUTER) 


CALIPER 
(INNER) 


TRANSFER TUBE FITTING 


(WITH TUBE SEAT) SHOE AND 


FLEXIBLE BRAKE 
HOSE 


SHOCK BOLT MUST BE INSTALLED 
WITH THE HEAD AS SHOWN 
~ \ = “ 


EY CALIPER TRANSFER b's 
{ TUBE 

SHOE noDDOwn] eas 

' ‘zs A 


CLP 


BRAKE HOSE 
MOUNTING 
BRACKET 


ce 
= MM OPEN END OF Beam th 
Re gata ¢ Ea; SPLASH Ra 


” 
be | 


Fig. 3 - Dise Brake Caliper Mounting. 

road contaminates from contacting the inboard side 
of the disc and iining surfaces (Fig. 3). The wheel, 
itself, provides protection for the outboard surface 
of the disc 

Braking action begins immediately upon applica- 
tion of the brake pedal as hydraulic pressure from 
the master cylinder to the system applies pressure 
to the co-axially aligned caliper pistons forcing ihe 
linings against both sides of the braking disc, thus 
applying the brakes. During brake application, the 
piston seals are deflected by the hydraulic pressure 
(Fig 4). When the pressure ts released, the seals re- 
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Fig. 2 - Disc Broke Caliper Assembly (Sectional) 
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Fig. 4 - Piston Seal Function for Automatic 
Adjustment 

lax or retract, pulling the pistons back from the 
shoe «nd lining assernblies approximately 005 in 
(This reaction is called “seal retraction” and pro- 
vides the required running clearance as the linings 
relieve their force on the disc.) Inherent disc runout 
also contributes to maintaining running clearance 
Automatic adjustment is achieved by the pistons 
sliding outward from the cylinder bore as the lining 
wears. The piston assumes a new position relative to 
the seal and maintains the correct adjustment loca- 
tion at ail times (Fig. 4). 

There is no residual pressure in the disc brake hy- 
draulic system since the residual pressure valve nor- 
mally used in drum brake system 1s located only in 
the front outlet port of the master cylinder (See 


es . 
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Fig. 5 - Dise Brake Piston, Shoe and Lining Assembly 
Master Cylinder Section of the Group). 

The hydraulic system contains a proportioning 
valve between the master cylinder and the rear 
brake wheel cylinders which provides balanced 
braking action between the front and rear brakes 
under a wide range of braking conditions. The valve 
regulates the hydraulic pressure applied to the rear 
wheel cylinders, thus limiting rear braking action 
when high pressures are required at the front 
brakes. In this manner, premature rear wheel skid is 
prevented. 

An additional feature of this disc brake system is 
a “tell-tale” tab sounding device which indicates 
when replacement of the shoe and lining assemblies 
are required (Fig. 5). The tabs located on the shoes 
create an audible metallic scraping noise from the 
brake by metal to metal contact on the braking 
disc. This warns the driver that the lining has worn 
to a minimum thickness and the vehicle should be 
returned to the dealer for relining of the brakes. 
This device is not detrimental to the function of the 
braking disc. 


PROPORTIONING VALVES 

All fixed caliper disc brake equipped vehicle are 
equipped with a proportioning valve in combination 
with a brake warning switch, (see “Hydraulic Sys- 
tem Control Valves”, this Group). The use of the 
valves is to better match the front disc brakes with 
the rear drum brakes on the vehicle. This resuiis in 
improved braking and steering control. 


ROUTINE MAINTENANCE 


Check Brake Lines and Linings 

Raise all four wheels. Remove front wheel and tire 
assemblies and inspect the braking disc, caliper and 
linings. Inspect brake flexible hose and tubing ac- 
cording to procedure outlined in paragraph entitled 
“Brake Hose and Tubing’. (The wheel bearings 
should be inspected at this time and repacked if 
necessary). The caliper must be removed to inspect 
and pack the inner wheel bearings. 

Do not get oil or grease on the disc of the 


linings. If the linings are worn to within .030 inch 
of the surface of the shoe, replace both sets of shoe 
and lining assemblies (inboard and outboard) on the 
front wheels. It is recommended that both front 
wheel sets be replaced whenever a respective shoe 
and lining is worn or damaged. 

If the caliper is cracked or fluid leakage through 
the casting is evident, it must be replaced as a unit. 


Shoe and lining Wear 

If a visual inspection does not adequately deter- 
mine the condition of the lining, a physical check 
will be necessary. 

To check the amount of lining wear, remove the 
wheel and tire assembly, the spring clips and the 
shoe and lining assemblies (see “Brake Shoe 
Removal” paragraph). Three (3) thickness measure- 
ments with a micrometer should be taken across the 
middle section of the shoe and lining; one reading 
at each side and one reading in the center. When 
an assembly has worn to a thickness of 180 inch, it 
should be replaced. If shoes do not require 
replacement, reinstall making sure to replace to 
their original inner and outer positions (see “Brake 
Shoe Installation” paragraph). 

When shoe and lining replacement is required, a 
“scraping” noise from the front brakes will be 
heard. This noise is metal-to-metal contact between 
the tabs on the shoe assemblies and the braking 
disc. When the noise becomes audible to the driver, 
the lining has worn to the metal tabs and the 
brakes must be relined. The contact between the 
metal tab and disc will not affect the functioning of 
the disc brake system, but continued use until lining 
is completely worn away will cause disc damage. 


Running Clearance 

To check the shoe and lining assembly to the 
braking disc clearance, remove the wheel and tire 
asseml 'y. Insert a feeler gauge between the lining 
and the braking disc. Ordinarily, the clearance 
should be .003 to .006 inch. However, if the vehicle 
was stopped by a brake application just prior to 
checking the clearance, it is considered normal for 
the brakes to drag slightly. 


Brake Roughness 

The most common cause of brake chatter on disc 
brakes is a variation in thickness of disc. If rough- 
ness or vibration is encountered during highway op- 
eration or if pedal pumping is experienced at low 
speeds, the disc may have excessive thickness 
variation. To check for this condition, measure the 
disc at 12 (twelve) points with a micrometer at a 
radius approximately one inch (1 in.) from edge of 
disc. If thickness measurements vary by more than 
0005 inch the disc should be replaced with a new 
one. 
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Braking Dise Runout 

Excessive lateral runout of the braking disc will 
cause 2 “knocking back’ of the pistons, which will 
create increased pedal! travel and vibration when the 
brakes are applied. 

Before checking the runout, the wheel bearing end 
play should be eliminated by tightening the adjust- 
ing nut. The readjustment is very important and 
will be required at the completion of the test to 
prevent bearing failure. After tighten:).2 the ad- 
justing nut, be sure that the braking disc can still 
be rotated. 

Dial indicator C-3339 should be clamped to the 
steering knuckle so that the stylus contacts the 
braking disc at a point approximately one (1) inch 
from the outer edge, (Fig. 15). Rotate :‘e* disc aad 
check the indicator reading. The maximuin total in- 
dicator reading on the gauge should * 2xceed 
.0025 inch. If the reading exceeds this :necification, 
the disc should be replaced. Do not attempt to re 
finish a disc that indicates runout in exc>ss of the 
specification. 


BRAKE HOSE AND TUBING 


Installation af Brake Hose 

The flexible hydraulic brake hose si:.i' always 
be installed on the vehicle by first tigntenipg the 
male end of the hose into caliper, whe.l cylinder, or 
rear axle housing tee. The hose shou thes be atta- 
ched to the hose bracket in a manver -5 give mini- 
mum twist. (15 degree twist is the maximum 
recommended). Excessive twist con result in hose 

terference problems with possible hydraulic system 
failure 


Inspection of Brake Hose and Tubing 

Inspec t.on of brake hose and twb::g should be in- 
cluded in a/l brake service operations and every 6 
months or 6,0% miles {every 3 months or 4,000 
miles for vehicles used in fleet service; Police, Taxi, 
etc.), The hoses should be checked for: 

(1) Correct length, severe surface cracking, pulling 
scuffing or worn spots. (Should the fabric casing 
of the hose be exposed by cracks or abrasions ir 
the rubber hose cover, the hose should be 
replaced). Eventual deterioration of the hose can 
take place with possible burst failure. 


__ DISC ERAKFS—FIXED CALIPER 5-37 


(2) Faulty installation te causs twisting, wheel, tire 
or chassis interference 

Always use factory recommended hose to insure 
quality, correct length and superior fatigue life 
Care should be taken to make sure that the tube 
and hose mating surfaces are clean and free from 
nicks and burrs. New copper seal washers should be 
used and the tube nuts anc connections should be 
properly made and tightened. Double wall steei tub- 
ing should always be used to insure superior fatigue 
life. Care should be taken when replacing brake 
tubing, to use the proper bending and flaring tools 
and to avoid routing the tubes against sharp edges, 
moving components or in hot areas. All tubes 
should be properly attached with recommended re- 
taining clips. 


DISC BRAKE SERVICE PRECAUTIONS 

(1) Grease or any other foreign material must be 
kept off the caliper assembly, surfaces of the brak- 
ing disc and external surfaces of the hub, during 
service procedures. Handling the braking disc and 
caliper should be done in a way to avoid deforma- 
tion of the braking disc and nicking or scratching 
the brake linings. 

(2) If inspection reveals the square sectioned rub 
ber piston seals arc worn or damaged, they should 
be replaced immediately 

(3) During removal and installation of a wheel 
and tire assembly. exercise care so as not to inter- 
fere with or damage the bleeder screw or the .rans- 
ter ‘be. 

(4) The fro..t wheel bearing end play is important 
and must be within specifications 

(5) Be sur: vehicle is centered oy: the hoist before 
servicing ary of front end components to avoid 
bending or damaging disc splash shield on full right 
or left veel turns 

(6) Bafure vehicle is moved after any brake service 
work, ve sure and obtain a firm brake pedal. 

(7) The assembly bolts of two caliper housings 
shoula not be disturbed, unless servicing of caliper 
assembly is required. 

(8) Riding brake psdal (common left foot 
application) should be avoided during vehicle 
operation. 

(9) The wheel, tire, hub and disc assembly cannot 
be removed as an assembly. The caliper assemb’ 
must be removed before removal of hub and dis. 
assembly. 


SERVICE DIAGNOSIS 


Condition 


EXCESSIVE PEDAL TRAVEL 


system or caliper. 


_ Possible Cause 


Correction _ 


(a) Rear brake adjustment required. (a) Check and adjust rear brakes. 
(b) Air leak, or insufficient fluid in 


(b) Check system for leaks. 
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Condition 


BRAKE ROUGHNESS OR 
CHATTER (Pedal Pulsating) 


EXCESSIVE PEDAL EFFORT 


NOISE Groan—Broke noise 
emanating when slowly 
releasing brakes 
(creep—groan) 


SERVICE DIAGNOSIS 


___ Possible Cause - 


Warped or excessively tapered 
shoe and lining assembly. 
Excessive disc runout. 


Loose wheel bearing 
adjustment. 

improper brake fluid (boil). 
Damaged caliper piston seal. 


Excessive out-of-parallelism of 
braking disc. 
Rear Srake drums out-of-. ound. 


Excessive lateral runout of 
braking disc. 


Excessive front bearing 
clearance. 

Rear brake drums distorted by 
improper tightening of nuts. 


Power brake malfunction. 
Frozen or seized pistons. 


Shoe and lining worn below 
-180 in. (Lining onty— .30 in.) 
Brake fluid, oil or grease on 
linings. 

Incorrect lining. 


Loose calipers. 


Frozen or seized pistons. 


Rear brake pistens sticking. 
Front end out of alignment. 
Broken rear spring. 
Out-of-round rear drums. 


incorrect tire pressure. 


Brake fluid, oil or grease on 
linings. 
Restricted hose or line. 


Rear brakes out of adjustment. 
Unmatched linings. 
Distorted brake shoes. 


Not detrimental to function of 
disc brakes—no corrective 
action required. (indicate to 
operator this noise may be 


eliminated by slightly increasing 


or decreasing brake pedal 
efforts). 


(c) 
(d) 
(e) 


(f) 
(g) 


(a) 
(b) 
(c) 


(d) 
(e) 
(0 
{c) 
(d) 
(e) 


(ai 


Install new shoe and linings. 


Correc?.un 


Check disc for runout with dial 
indicator. Install new disc. 
Resdjust wheel bearings to 
ssecified torque. 

Drain and install correct fluid. 
Install new piston seal. 


Check disc for \ickness 
variation using a micrometor. 
Loosen ond retorque whee! nuts 
to specifications. 

Check disc for lateral runout 
with dial indicator. Install new 
disc. 

Readjust wheel bearings to 
specified torque. 

Check drums for out-of-round 
and reface if n-cessary. 


Replace 

Disassem: e@ caliner ana free up 
pistons. Clr. :, 8. 

install ne. hoe and linings. 


Install new 
required. 
Remove ‘ininy and install 
correct tining. 


106 linines as 


Tigtten caliper = Junting bolis 

fron 45 to 60 ft. pounds. 
Disassemble caliper, use light 
sunding to remove roughness 

and loose particles, cisan seal 

groove and install new pistons, 

seals, and bouts. 

Free up rear brake pistons. 

Check and align front end. 

Install new rear spring. 

Check and reface drums if 

necessary. 

Inflate tires to recommended 
resureg. 

nstait new shoe and linings. 


Check hoses and lines and 
correct as necessary. 
Adjust rear brakes. 

Install correct lining. 
Install new brake shoes. 


a 
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SERVICE DIAGNOSIS 


Possible Cause 4 


Condition 4; Correction 


RATTLE-Brake noise or rattle (a) Excessive clearance between (a) Install! new shoe and lining 
sting at low speeds on shoe and caliper. assemblies. 
ads, (front wheels 


° 


SCRAPING— (a) Loose wheel bearings. (a) Readjust wheel bearings to 
i ; correct specifications. 
(b) Braking disc rubbing housing. {b) Check for rust or mud buiidup 


on caliper mounting and bridge 
bolt tightness. 
(c) Mounting bolts too long (c) Instali mounting bolts of correct 
length. 


FRONT BRAKES HEAT UP 1) Residua’ pressure valve in (a) Remove valve from cylinder. 
DURING DRIVING AND FAIi master cylinder. 
TO RELEASE 

(b) Frozen or seized piston. (b) Disassemble caliper, use light 


sanding to remove roughness 
and loose particles, clean seal 
groove and install new pistons, 
seals and boots. 


(c) Operator riding brake pedal. {c) Instruct owner how to drive 
with disc brakes. 

(d) Sticking pedal linkage. (d) Free up sticking pedal linkage. 

(e) Power brake malfunction. (e) Replace 


LEAKY WHEEL CYLINDER (a) Corroded bore. (a) Hone bore and replace boots 
and cups. 
Disassemble caliper and install 


— 


fb) Damaged or worn caliper pisten (b 


seal. new seal. 
(c} Scores or corrosion on surface (c) Disassemble caliper and hone 
of piston. cylinder bore. If neccessary, 


install new pistons. 


GRABSING OR UNEVEN (a) Causes listed under “Puli” (a) Corrections listed under “Pull.” 
BRAKING ACTION 


Power brake malfunction. Replace unit. 


BRAKE PEDAL CAN BE (a) Air in hydraulic system or (a) Bleed system. 
OEPRESSED WITHOUT improper bleeding procedure. 
BRAKING EFFECT 


(b} “.eak in system or caliper. (b) Check for leak and repair as 

required. 

(c) Pistons pushed back in cylinder (c) Reposition brake shoe and 
boras during servicing of caliper lining assemblies. Depress pedal 
(shoe and lining not properly & second time and if condition 
positioned). persists, check follcwing causes: 

(d) Leak past piston cups in master (d) Recondition master cylinder. 


cylinder. 

(e) Damaged piston seal in one or (e) Disassemble caliper and replace 
more of cylinders. piston seals as required. 

(f). Leak in rear brake cylinder. (f) Hone cylinder bore. Instali new 


piston cylinder cups. 
(g) Rear brakes out of adjustment. (g) Adjust rear brakes. 
(a) Bleeder screw open. (h) Close bleeder screw and bleed 
* entire system. 
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SERVICE FROCEDURES 


VEHICIE 


Fig. 6 - Removing Brake Shoe and lining 


BRAKE SHOE REMOVAL 

To remove the disc brake shoe and 
issembly, (Fig. 1), proceed as follows: 

(1) Raise vehicle on a hoist or jackstands. 
(2) Remove wheel covers, and wheel and tire 
a sembly 

(3) Remove shoe retainer hold down clips. 

(4) Using two pair of phers, grasp tabs on outer 
ends of shoes, remove shoe and lining by pulling 
outward (Fig. 6). Due to a ridge of rust that may 
build up on rotor surface outside of lining contact 
area, it may be necessary to force piston back 
shghtly into bores. Pistons can be forced back into 
bores by forcing shoe back with a water pump pli- 
‘ts placed on corner of the shoe and caliper hous- 
ing (Fig. 6) 

Check the caliper for seal leaks (evident by fluid 
moisture around the cavity) and for any damage to 
the piston dust voot. Wipe the cavity clean 
(between the inner and outer caliper housir gs) with 
a shop towel. Check the piston dust boot for proper 
seating in the piston bore and the caliper housing. 
If excessive fluid moisture is evident, it will be nec- 
essary to insta!l a new piston seal and piston dust 
(Refer to “Disassembling the Caliper’ 
paragraph.) 


lining 


boot 


BRAKE SKOE INSTALLATION 

(1) Push all pistons back into their bores until 
bottomed to allow for installation of new thick 
This can be done by placing a flat sided met- 
al bar © tool against piston and exerting a steady 
force until bottomed. This will cause fluid to rise in 
the master cy! der reservoir so be sure and remove 
a quantity of fluid from the reservoir before hand 
(2) Shde new shoe and hning into caliper with 
cars of shoe resting on bridges of caliper (Fig. 7) 


she res 


E-859 


a5 


- 


BRAKING DISC 


#!NSTALL LINING 
TOWARD DISC ¥ 


VEHICLE 


Fig. 7 - Installing 8rake Shoes and Lining 
Be sure shoe is fully sezted and lining is facing disc 

(3) Slide remaining «hoe and lining into caliper, 
using, same procedure as described above. 

(4) Place shoe retainer spring assemblies in posi- 
uon on caliper. 

(5) Pump brake pedal several times untii a firm 
pedal has been obtained and shoe and lining have 
been properly seated. 

(6) Install wheel and tire. Tighten wheel «tud nuts 
using a Star pattern (skip every other nut going 
around) until all 5 are torqued to 55 foot-pounds 
Instali wheel co’'** 

(7) Check 2 ill master cylinder reservoir with 

brake fluid as 1. yuired. 
CAUTION: Road test the vehicle and make sever- 
al stops to wear off-any foreign material on the 
brakes and to seat the linings. The vehicle may 
pull to one side or the other if this is not done. 


REMOVING CALIPER 

Should it become necessary to remove the caliper 
for installation of a new piston seal or boot, (Fig 
4), proceed as follows: 

(1) Raise car on hoist or jackstands 


(2) Remove wheel cover and wheel ar. tire 
assembly 
(3) Disconnect front brake flexible hose from 


brake tube at frame mounting bracket. (Plug brake 
tube to prevent loss of fluid. 

(4) Remove bolts thai attach caliper assembly to 
steering knuckle. Should it become necessary to in- 
stall a new flexible brake hose on a disc brake 
equipped vehicle, scribe a mark on hose bracket on 
side where hose enters, and position of hose retain- 
ing clip underneath (Fig. 3). Be sure at 
reassembly, that open end of retaining clip is fac- 
ing out and away from caliper. 

(5) Slowly slide caliper assembly up and away 
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DISC SPLASH 
SHIELD 


DISC BRAKE 
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BRAKING 
DISC 
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iw 

Fig. 8 - Removing or Installing Dise Brake Caliper 
from brake disc (Fig. 8) and remove to bench for 
disassembly 


DISASSEMBLING CALIPER 

To disassembie the caliper for the installatton of 
new parts (Fig. 9), proceed as follows 

(1) Remove shoe retainer spring clips 
transfer tube (armored) at caliper 

(2) Mount caliper assembly in a vise equipped 
with protector jaws. (Use caliper mounting lugs.) 
Remove transfer tube 

(3) Remove shoe and lining assemblies. 

(4) Remove bridge bolts that hold two halves of 


Remove 


BRAKE SHOE AND LINING ASSEMBLY 


PISTON SEAL 


‘ 
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OUTER CALIPER HOUSING 


OUST BOOT 


> 
or INNER CALIPER HOUSING 


‘9 
TRANSFER TUBE 
CALIPER BRIDGE BOLT 4 


Fig. ¥ - Caliper Assembly (Exploded View) 
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“ALIPER 


NN4328 


fia. 10 - Removing Dust Boot from Piston and 
Coliper 

caliper together. (Make sure at reassembly that 
these two bolts are used and tightened to correct 
torque.) Separate assemblies 

(5) Peel dust boot out and away from caliper 
housing retainer and out of piston groove (Fig. 10) 
Remove remaining dust oots in same manner 

(6) Using Tool C-3999, remove each of pistons 
(Fig. 11). Care must 4e used so as not to ycratch, 
burr or otherwise damage piston on outside 
diameter. To do so effects sealing qualities of 
piston. Draw piston straight out of its bore. If a 
piston becomes cocked, removal is more difficult 
and piston or bore may be dainaged 

(7) Using a small pointed wooden or plastic tool, 
remove piston seals from groove in cylinder bore 
(Fig. 12). Discard old seals. (Use care so as not to 
scratch bore or the seal groove.) 


SHOE RETAINER CLIPS 


PISTON 


BLEECER SCREW 


PISTON SEAL 


NN64B 
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CALIPER 
ASSEMBLY 


NN433A 


Fig. 11 - Removing Pistons from Caliper 


% 
vat » ee 
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Fig. 13 - Honing Piston Bores 


CLEANING AND INSPECTION 

Clean all parts in brake fluid and wipe dry, using 
clean, lat free, shop towels. Using an air hose, blow 
out the drilled passages and bores. Check the dust 
boots for punctures or tears. If punctures or tears 
are evident, new bee, should be installed at 
reassembly. Inspect the pision bores in both hous- 
ings for scomng or pitting. Install a new piston if it 
1s piited, scored or the chrome plating is worn off. 
Bores that show light scratches or corrosion, can 
usually be cleaned with crocus cloth. However, 

a bores that have deep scratches or scoring may be 

. honed, using Tool C-3993, providing the diameter 
of the bore is not increased more than .002 inch. If 
the bore does not clean up within this spec:fication, 
a new caliper housing should be installed. (Black 
Stains on the bore walls are caused by the piston 
seals and will do no harm.) 

When using hone C-3993 (Fig. 13) be sure and 
install the hone baffle before honing bore. The 
baffle is used to protect the hone stones from 
damage. After hoving the bore corefully, clean 
the seal groove with a stiff non-metallic rotary 
brush. 

Use extreme care in cleaning the caliper after 
honing. Remove all dust ond grit by Mushing the 


CALIPER 
ASSEMBLY 


PISTON 
SEAL 


NN434B 


Fig. 14 - Installing Pistons in Caliper 
caliper with brake fluid; wipe dry with o clean 
lintless cloth and then clean a second time in the 
same manner. 


NN436B 


ASSEMBLING CALIPER 

To reassemble the disc brake caliper, (Fig. 9), pro- 
ceed as follows: 

(1) Clamp inner caliper half in a vise (with protec- 
tor jaws; by mounting lugs. 

(2) Dip new piston seals in clean brake fluid and 
install in caliper grooves. The seal should be posi- 
tioned at one area in groove and gently worked 
around cylinder bore with » finger until properly 
seated. Never use an old piston seal. (Be sure 
seals are not twisted or rolled.) 

(3) Coat outside diameter of pistons with clean 
brake fluid and install them in cylinder bores (Fig. 
i4), with open end of pistor and boot retaining 
groove facing out of cylinder 

(4) Position pision squarely in bore and apply 
slow steady pressure until piston is positioned. If 
piston will not position itself, remove piston and 
check position of seal for proper pasition in 
greove. 

(5) Instail a new dust boot in position in groove 
in caliper and in piston. Be sure dust boot is prop- 
erly seated. Install new remaining dust boots in 
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Fig. 15 - Checking Braking Disc Run-out 

same manner 

(6) Install caliper half on one clamped in vise, 
then install assembly bolts (bridge bolts) and tight n 
from 70 to 80 foot-pounds. (Under no condition 
should these bolts be substituted or replaced hy 
an inferior bolt. The use of bolts other than those 
specified for this purpose, could cause a caliper 
failure resulting in an accident). 


(7) Install transfer tube and tighte: securely. (Be 
sure tube is under protective eyebrow 

(8) Install bleeder screw but do not ....0en 
INSTALLING CALIPER 

Before installing the caliper assembly over Che 


brake disc, check the disc for runout and thickness 
variation. Mount a dial indicator (Fig. 15) and 
check the lateral runout. Runout should not exceed 
0025 inch. If runout exceeds the specified figure, 
remove the disc and install a new one. (Be sure the 
wheel bearings are adjusted to zero lash during this 
check.) Readjust wheel bearings after check 
Thickness variation of the disc, measure the disc 
at 12 (twelve points) with a micrometer at a radius 
approximately one inch (1 in.) from edge of disc. If 
thickness measurements vary by more than .0005 
inch, the disc should be replaced with a new one. 
(1) Install caliper assembly over disc and align 
mounting holes. Install mounting bolts and tighten 
from 50 to 80 foot-pounds. A check should be 
made to be sure that braking disc runs squarely 
and centrally within caliper opening. There should 
be approximately .090 to .120 inch clearance be- 
tween outside diameter of braking disc and 
caliper. There should also be a minimum of .050 
inch from either disc face to machined groove in 
outboard caliper. 

(2) Install shoe and lining assemblies between cali- 
per and bruking disc 

(3) Install shoe retainer 
caliper 
(4) Open bleeder screw, then reconnect brake line 


springs in position on 
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at caliper housing. Allow caliper to fill with brake 
fluid; then, close bleeder screw. (Be sure all air bub- 
bles have escaped; bleeding caliper.) Replenish brake 
fluid in master cylinder 

(5) “Pump” brake pedal several times to actuate 


boat seals and position shoe and lining 
eas es. 

sfter assembling caliper unit be sure and 
check for fluid tightness under maximum pedal 


press! res. (Recheck master cylinder reservoir level.) 
Check and be sure that lower shock absorber 
mounting bolt has been installed from rear and 
nut toward front of vehicle. This is important (Fig. 
3). 

(7) Install wheel and tire assembly and tighten 


wheel stud ruts (in a star pattern) to 30 
foot-pounds, then to 55 foot-pounds. This is 
important. 


(8) Remove jackstands or lower hoist 
CAUTION: Road test the vehicle and make sever- 
al stops to wear off any foreign material on the 
brakes and to seat the linings. The vehicle may 
pull to one side or the other if this is not done. 


REMOVING BRAKING DISC 4ND HUB 

Should it become necessary to remove the braking 
disc for installation of a new disc, proceed as 
follows 

(1) Remeve wheel cover and wheel and tire 
assembly ‘ 

(2) Remove caliper assembly as described under 
“Removing Caliper” paragraph, (but do not discon- 
nect brake line). Suspend caliper from wire hook or 
loop to avoid strain on hose and damage to transfer 
tube 

(3) Remove grease cup, cotter pin, nut lock, nut, 
thrust washer and outer whee! bearing 

(4) Pull disc and hub off wheel spindle 


INSTALLING BRAKING DISC AND HUB 

(1) Slide brake disc and hub assembly on spindle 

(2) Install outer bearing, thrust washer, and nut 

(3) Tighten wheel bearing adjusting nut to 90 
inch-pounds while rotating hub and disc 

(4) Position lock nut on nut with one pair of slots 
in line with cotter pin hole 

(5) Back off adjusting nut and lock assembly one 
slot then install cotter pin. The resulting adjustment 
should be zero (no preload) end play. (sis is very 
important, when checking disc runout.) 

(6) Install a dial indicator C-3339 (Fig. 15) and 
check runout of disc on both sides. The runout 
should not exceed .0025 inch. Readjust wheel bear 
ing clearance after checking braking disc runout 

(7) Clean grease cap, coating inside with wheel 
grease (do not fill) and install cap 


(8) Install caliper assembly as described in 
“Installing the Caliper” paragraph 
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Pd SPLASH 
bee SHIELD 


Fig. 16 - Dise Splash Shield Mounting 
(9) Install wheel and tire assembly and wheel 
cover 
(10) Remove jackstands or lower hoist 
(11) Road test vehicle as described in “Brake Shoe 


Sastallation” paragraph 


REMOVING SPLASH SHIELD 

Should tt become necessary to remove the braking 
disc splash shield because of damage or the installa- 
tion of the steering knuckle, proceed as follows: 

(1) Raise vehicle on a hoist or jackstands. 

(2) Remove wheel cover and wheel 
assembly 

(3) Remove caliper assembly, as described under 
“Removing Caliper’ paragraph. Do not disconnect 
brake line 

(4) Remove grease cup, cotter pin, nut lock, nut, 
thrust washer and outer wheel bearing. 

(5) Pull braking disc and hub off wheel spindle. 

(6) Remove bolts that attach splash shield (Fig 
16) to steering knuckle. 


and tire 


INSTALLING SPLASH SHIELD 

To install the braking disc splash shield, (Fig. 16), 
proceed as follows 

(1) Position styrafoam gasket and install splash 
shield in position on steering knuckle, with cutout 
section toward rear 

(2) Align mounting holes and install attaching 
bolts. Tighten to 220 inch-pounds. 

(3) Reinstall braking “\sc and hub assembly. In- 
stall outer }oorng, U..ust washer and nut. Tighten 
front Wheel u<a.ing as described previously. Install 
nut lock, cotter pin and grease cap 


P 5-44) 


(4) Install assembly as described 
“Installing Caliper” paragraph 

(5) Install wheel and tire. Tighten wheel stud nuts 
(in a Star pattern) to 30 foot-pounds, then to $5 
foot-pounds. Install “heel cover 


(6) Remove jackstands or lower hoist 


caliper under 


BLEEDING DISC BRAKE 

The disc brake hydravlic system can be bled 
(preferably) with pressure bleeding equipment. On 
disc brake equipped vehicles, the brake pedal will 
require more pumping, and frequent checking of the 
fluid level in the master cylinder during the bleed- 
ing operation, if pressure bleeding equipment is not 
used 

It will be necessary to remove the front wheel and 
tire assemblies in order to gain access to the bleeder 
screw, located on the outboard caliper housing _at 
the top (Fig. 1) 

Never use brake fivid that has been drained 
from the hydraulic system, when bleeding the 
brakes. 

On vehicles equipped with disc brakes, be sure 
that the disc brake pistons are returned to their 
normal positions and that the shoe and lining as- 
semblies are properly seated 

Before driving the vehicle, check the operation of 
the brakes to be sure that a firm pedal has been 
obtained. 

(1) Remove wheel covers, then raise vehicle using 
a hoist or jackstands 
(2) Remove wheel and tire assemblies 
(3) Bleed the front brakes first, then proceeding to 
the right rear and left rear in order 

After bleeding the brakes, proceed as follows 
(1) Install wheel .nd tire assemblies, tightening 
wheel stud nuts to 55 foot-pounds 
(2) Install wheel covers. 

(3) Remove jackstands or lower hoist. 


BALANCING FRONT WHEELS (DISC BRAKE 
EQUIPPED VEHICLES) 

To balance front wheels on a disc brake equipped 
vehicle, the normai procedure for static balancing as 
described under “Wheel Balance” in the Wheels, 
Bearings and Tires Section of this manual should be 
followed. Dynamic balancing of front wheels can be 
accomplished by the normal procedure when wheels 
are removed from the vehicle, but Manufacturer's 
recommendations should be followed closely when 
attempting to balance wheels while on the vehicle 


& 
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ANT-RATTLE SPRING BRAKE SHOES CALIPER 
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Fig. 1 ~ Floating Caliper Assembly (Single Piston) 


GENERAL INFORMATION 
The single piston, floating caliper disc brake as ADAPTOR 
sembly (Figs. 1 and 4), consists of the hub and disc 
assembly, the caliper, shoes and linings, splash 


shield and adaptor. Fig. 2 - Floating Caliper Assembly (Sectional) 
The cast iron braking disc has cooling fins (or = ing p’ per shoe clearance and are also required k 
louvres) that are cast integrally between the two hold the inner bushing in place 

machined braking surfaces (Fig. 2). When the wheel The guide pins are also used to radially locate and 
is in motion, the rotation of the disc cooling fins — restrain both shoes, while all of the braking force is 


supplies air circulation between the braking surfaces taken by the caliper on the outboard shoe and ma 
for efficient cooling of the disc ard prolonged lining chined lug (Fig. 9) on the adapter for the inboard 
life. The braking disc is protected from road splash shoe 


(inboard side) by a shield bolted to the steering The caliper is a one piece casting with the inboard 
knuckle and by the wheel and tire on the outboard side _conta.aing the single piston cylinder bore. The 
side steel piston is 2-3/4 inches in diameter and ts nickle 
The single piston caliper assembly floats through and chrome plated for anti-corrosion and long wear 
four rubber bushings on two steel guide pins thread The square cut rubber piston seal is located in a 
ed into the adaptor. Two of the bushings are insert machined groove in the cylinder bore and provides 
ed in the outboard portion of the caliper and two a hydraulic seal between the piston and the cylin 
on the inboard side (Fig. 3). Four machined abut wall (Fig. 4). The adaptor is mounted to the ste 

ments on the adaptor, position and align the caliper, — ing knuckle by two special nylock bolts (hig 5) 

fore and aft. Two positioners installed over the A moulded rubber dust boot installed in a groovy 
guide pins, control the movement of the caliper in the cylinder bore and piston, keeps contamination 
along with the piston seal, and assists in maintain from the cylinder wall and piston The boot has a 
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BRAKE LINING 


maaan 
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DISC 


ADAPIOR ~ 


POSITIONER 


wiping hp (Fig. 6) that prevents contamination in 
the bore area 

As the brake pedal is depressed, hydraulic pres- 
sure 1S applied against the pist’a. This force is 
ransmitted © .‘« \..board brake shoe and linirg 
ind the inbowrd braking surface of the disc. As 

ree imcreases against the disc from the inner 
liming, the caliper assembly moves inboard, sliding 
mn the guide pins, thus providing a clamping force 
on the disc 

When the brake pressure is relea‘ 4 the piston 
seal (distorned by applied pressurc $ to its 
normal position, pulling the piston back to released 
position, while the two positioners forve the caliper 
yutboard to create slignt running clearance be- 
tween Outer shoe and the disc 

Automatic adjustment is obtained by outward relo- 
cation of the piston as the inboard lining vars and 
the inward movement of the caliper as the outboard 


ining wears, thus maintaining correct adjustment at 
ill times 


METERING/PROPORTIONING VALVES 

All floating caliper disc brake equipped vehicles 
are equipped with a pressure metering valve or 
ombination pressure metering ‘“roportioning valve 
“Hydrawic System C Valves”, this 
Group) the use of the valves better match the 


(see 
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Fig. 3 - Floating Caliper Assembly (Seciional) 
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front disc brakes with the rear drum brakes on the 
vehicle. This results in improved braking and steer 
ing control 


ROUTINE MAINTENANCE—30,000 Miles 


Check Brake Lines, Hoses and Linings 

Raise all tour wheels. Remove front wheel and tire 
assemblies and inspect the braking disc, linings and 
caliper. Inspect bruke flexible hose and tubing ac 
cording to procedure outlined tn paragraph entitled 
“Brake Hose and Tubing” (The wheel beanngs 
should be inspected at this time and repacked if 
necessary). The caliper assembly must be removed in 
order to inspect the inner wheel bearings. (Refer to 
“Brake Shoe Removal” paragraph) 

Do not get oil or grease on tic braking dise or 
linings. If \he linings (pads) are worn to within 030 
inch of the shoe, replace both sets of shoe and lin 
ing assemblies, (inboard and outboard) on the front 
wheels. It is necessary that both front wheel sets be 
replaced whenever a respective shoe and lining 1s 
worn beyond specifications or damaged 
Check all brake tube connections for 
leaks. Install new flexivle hoses as required 
Check adapter plate to knuckle bolts for specified 
torque (75 to 100 Foot Pounds) 


possible 
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Fig. 4 - Dise Brake Assembly (Sectional) 
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Fig. 5 - Dise Brake Caliper Mounting 


Shoe and lining Wear 

If a visual inspection does not adequately deter- 
mine the condition of the lining, a physical check 
will be To check the amount of lining 
wear, remove the wheel and tire assemblies, and the 
Remove the shoe and lining assemblies. 
See “Brake Shoe Removal" paragraph). Three (3) 
thickness measurements with a micrometer should 
be taken across the center of the shoe and lining: 
one reading al cach end and one reading in the 
center. When an assembly has been worn to a 
thickness of 230 inch, it should be replaced. If a 
lining does not require replacement, 
reinstall, making sure each shoe and positioner is 
returned to their original positions. (See “Brake 
Shoe Installation” paragraph). It is normal for the 
inboard lining to show slightl, more wear than the 
sutboard 
Brake Roughness 

The most common cause of brake roughne*. (or 
chatter) with disc brakes are excessive variation in 
disc thickness and/or excessive disc face runout 
These can be easily checked with a dial indicator 
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Fig. 6 - Piston Seal Function for Automatic 
Adjustment 
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and a 2 in. micrometer (vernier type preferred). If 
either of the measurements are out of specification, 
the disc must be refinished or replaced. Refer to 
“Refinishing (Refacing) Braking Esc” paragraph. 
Other less prevalent causes of roughness can be 
the use of some types of non-standard lining and 
extreme abrasion of the disc faces. Also, vehicles 
which stand unused for periods of time in areas of 
high humidity or salt air may incur rust on .he disc 
which could cause a temporary brake surge and 
roughness. Normall, however, this condition should 
correct itself after a shor: riod of usage. If rust is 
severe enough roughnee - ill not clear up and the 
disc must be resurface’ _ replaced. 


BRAKE HOSE AND ivJiING 


Installation of Brake Hose 

The flexible hydraulic brake hose should always 
be installed on the vehicle by first tightening the 
male end of the hose into caliper, wheel cylinder, or 
rear axle housing tee. The hose should then be atta- 
ched to the hose bracket in a manner to give mini- 
mum twist. (15 degree twit is the maximum 
recommended). Excessive twist can result in hose 
interference problems with possible hydraulic system 
failure. 


Inspection of Brake Hose and Tubing 

Inspection of brake hose and tubing should be in- 
cluded in all brake service operations and every 6 
months or 6,000 miles (every 3 months or 4,000 
miles for vehicles used in fleet service; Police Taxi, 
etc.). The hoses should be checked for: 

(1) Correct length, severe surface cracking, pulling 
scuffing or worn spots. (Should the fabric casing 
of the hose be exposed by cracks or abrasions in 
the rubber hose cover, the hose should be 
replaced). Eventual deterioration of the hose can 
take place with possible burst failure. 

(2) Faulty installation to cause twisting, wheel, tire 
or chassis interference. 

Always use factory recommended hose to insure 
quality, correct length and superior fatigue life. 
Care should be taken to make sure that the tube 
and hose mating surfaces are clean and free from 
nicks and burrs. New copper seal washers shold be 
used and the tube nuts and connections shou.4d be 
properly made and tightened. Double wall steel tub- 
ing should always be used to insure superior fatigue 
life. Care should be taken when replacing brake 
tubing, to use the proper bending and flaring tools 
and to avoid routing the tubes against sharp edges, 
moving components or in hot areas. All tubes 
should be properly attached with recommended re- 
taining clips. 


DISC BRAKE SERVICE PRECAUTIONS 

(1) Grease or any other foreign material must be 
kept off the caliper assembly, surfaces of the brak- 
ing disc and external surfaces of the hub, during 
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service procedures. Handling the braking disc and 
caliper should be done in such a way as to avoid 
deformation of the disc and scratchitiy or nicking 
the brake linings (pads) 

(2) If inspection reveals that the square sectioned 
caliper piston seal is worn or damaged, it should be 
replaced immediately 

(3) During removal and installation of a wheel 
and tire assembly, use care not to strike the caliper. 

(4) The front wheel bearing end play is important 
and must be within specifications. 

(5) Be sure vehicle is centered on the hoist before 
servicing any of the front end components to avoid 
bending or damaging disc splash shield on full right 
or left hand turns. 

(6) Before vehicle is moved after any brake service 
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work, be sure and obtain a firm brake pedal 5, 
using proper bleeding procedures: see “Hydraulic 
System Control Valves", this Group. 

(7) Dragging the brakes (common result of left 
foot application) should be avoided during vehicle 
operation. 

(8) The wheel, tire, hub and disc assembly cannot 
be removed as an assembly. The caliper assembly 
must be removed before removal of the hub and 
disc assembly. 

(9) As lining wears, reservoir level will go down. 
If fluid has been added between relines, then reser- 
voir overflow may occur when the piston is pushed 
back into the new lining position. Overflowing can 
be avoided in this case by removal of a small 
amount of fluid before overflow occurs. 


SERVICE DIAGNOSIS 


Con dition 


__ Reese Rowne_ 


___ Correction 


(a) 
(b) 


EXCESSIVE PEDAL TRAVEL 
system or caliper. 


Air, leak, or insufficient fluid in 


Warped or excessively tapered 


Check system for leaks and 
bleed. 
Install new shoe and linings. 


shoe and lining assembly. 


(c) 


Excessive disc runout. 


Check disc for runout with dial 
indicator. Install new or 
refinished disc. 


(d) 
(e) 


Rear brake adjustment required. 


Loose wheel bearing 
adjustment. 


Check and adjust rear brakes. 
Readjust wheel bearing to 
specified torque. 


(f) Damaged caliper piston seal. (f) Install new piston seal. 
(g) Improper brake fluid (boil). (g) Drain and install correct fluid. 
(h) Power brake malfunction. (h) Repiace. 
BRAKE ROUGHNESS OR (a) Excessive thickness variation of (a) Check disc for thickness 
CHATTER (PEDAL PUMPING) braking disc. variation using a micrometer. 
(b) Excessive lateral runout of (b) Check disc for lateral runout 
braking disc. with dial indicator. Install new 
or refinished disc. 
(c) Rear brake drums out-of-round. (c) Reface rear drums and check 
for out-of-round. 
(d) Excessive front bearing (d) Readjust wheel bearings to 
clearance. specified torque. 
EXCESS EDAL EFFORT (a) Brake fluid, oil or grease on (a) Instaii new shoe linings as 
linings. required. 
(b) Incorrect lining. (b}) Remove lining and install 
correct lining. 
(c) Frozen or seized pistons. (c) Disassemble caliper and free up 
istons. 
(d) Power brake malfunction. (d) Replace. 
PULL (a) Brake fluid, oi! or grease on (a) Install new shoe and linings. 
linings. 
(b) Unmatched linings. (b) Install correct lining. 
(c) Distorted brake shoes. (c) Install new brake shoes. 
(d) Frozen or seized pistons. (d) Disassemble caliper and free up 
istons. 
(e) Incorrect tire pressure. (e) Infla’s tires to recommended 
pressures. 
(f) Front end out of alignment. (f) Align front end and check. 
(g) Broken rear spring. (g) Install new rear spring. 
(h) Rear brake pistons sticking. (h) Free up rear brake pistons. 


Restricted hose or line. 


Check hoses and lines and 
correct as necessary. 
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Condition 


NOISE Groan—Brake noise 
emanating when slowly 
releasing brokes 
(creep-groan). 


RATTLE—Brake noise or rattle 
emanating at low speeds on 
rough roads, (front wheels 
only). 


SCR 4PING— 


FROME BRAKES HEAT UP 
DURING DRIVING AND FAIL 
TO RELEASE 


LEAKY WHEEL CYLINDER 


GRABBING OR UNEVEN 
BRAKING ACTION 


BRAKE PEDAL CAN BE 
DEPRESSED WITHOUT 
BRAKING EFFECT 


(j) Caliper not in proper alignment (j) 


(a) 


) 
(f) 
(a) 
(b) 


(a) 
(b) 
(a) 


(b) 
(c) 


(d) 
(e) 


BRAKE SHOE REMOVAL 


(1) Raise vehicle on a hoist or jackstands 
(2) Remove front wheel covers, and wheel and tire 


assemblies 


SERVICE DIAGNOSIS 


Possible Cause 


Correction 


to braking disc. 


Not detrimental to function of 
disc brakes—no corrective 
action required. (Indicate to 
operator this noise may be 
eliminated by slightly increasing 
or decreasing brake pedal 
efforts.) 


Shoe anti-rattle spring missing 
or not properly positioned. 
Excessive clearance between 
shoe and caliper. 


Mounting bolts too long. 


Loose wheel bearings. 
Operator riding brake pedal. 


Stop light switch improperly 
adjusted. 

Sticking pedal linkage. 
Frozen or seized piston. 


Residual pressure vaive in 
master cylindér. 
Power brake malfunction. 


Damaged or worn caliper piston 
seal. 

Scores or corrosion on surface 
of cylinder bore. 


Causes listed under “Pull”. 
Power brake malfunction. 


Air in hydraulic system or 
improper bleeding procedure. 


Leak past primary cup in 
master cylinder. 
Leak in system. 


Rear brakes out of adjustment. 
Bleeder screw open. 


SERVICE PROCEDURES 


Remove caliper and reinstall. 
Check alignment. 


Install new anti-rattle spring or 
position properly. 


Install new shoe and lining 
assemblies. 


Install mounting bolts of correct 
length. 

Readjust wheel bearings to 
correct specifications. 


Instruct owner how to drive 
with disc brakes. 


Adjust stop light to allow full 
return of pedal. 

Froe up sticking pedal linkage. 
Disassemble caliper and free up 
piston. 

Remove valve. 


Replace. 

Disassembly caliper and install 
new seal. 

Disassemble caliper and hone 

cylinder bore. Install new seal. 
Corrections listed under “Pull”. 
Replace. 


Bleed system. 


Recondition master cylinder. 


Check for leak and repair as 
requirad. 

Adjust rear brakes. 

Close bleeder screw and bleed 
entire system. 


(3) Remove caliper guide pins, positioners that at- 
tach caliper to adaptor and anti-rattle spring 


(4) Remove caliper from disc by slowly sliding 
caliper assembly out and away from braking disc 


(Fig. 7). Support caliper firmly so as not to damage 
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Fig. 7 - Removing or Installing Caliper 
flexible brake hose 

(5) Slide outboard shoe and lining assembly out of 
caliper. Slide inboard shoe and lining assembly out 
of adaptor (Fig. 8) 

(6) Remove outer bushings from caliper by press- 
ing out of bore (Fix. 9 and 13) using a suitable 
tool. Discard bushi-g: 

(7) Slide inner bushings (flangea, off guide pins 
and discard. Remove positioners from guide pins 
and discard 


CLEANING AND INSPECTION 

Check for piston seal leaks (evident by brake fluid 
in and around boot area as ' inboard lining) and for 
any ruptures of piston dust boot. If boot 
damaged, or fluid is evident, it will be necessary to 
disassemble caliper assembly and install a new seal, 
boot, (and niston if damaged or corroded.) (Refer to 
“Disassembling Caliper Assembly” paragraph). 
Check the mating surfaces of the abutments on the 
caliper and adaptor. If corroded or rusty, clean sur- 
faces with wire brush. Inspect braking surfaces of 
disc 


BRAKE SHOE INSTALLATION 


When installing new shoe and lining assemblies, 
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Fig. 8 - Removing or Installing Brake Shoes ond 


lining 
it will be necessary to also install new 
POSITIONERS, INNER BUSHINGS AND OUTER 
BUSHINGS. 


(1) Slowly and carefully push piston back into 
bore until it is bottomed. Watch for possible reser- 
voir overflow. See Step 9 of “Disc Brake Service 
Precautions”. 

(2) Install new inner guide pin bushings in caliper 
with flanged end on inboard side (Fig. 3). Compress 
flanges of outboard bushing in fingers and work 
into position in hoi: from the outboard side of cali- 
per (Fig. 17). 

(3) Slide new shoe and lining assemblies into posi- 
tic. +1 adaptor and caliper (Fig. 8), being sure that 
metai portion of shoe is fully in recess of caliper 
and adapvor. 

(4) Holding outboard lining in position, carefully 
slide caliper down into position in adaptor and over 
disc. Align guide pin holes of adapter, inboard and 
outboard shoes. (Fig. 3). 

(5) Install new positioners over guide pins with 
open ends toward outside, and with stamped ar- 
‘ows pointing upwards (Fig. 1). Install assembled 
guide pins through bushing, caliper, adaptor, in- 
board aud outboard shoes, into outer bushings in 
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Fig. 9 - Caliper Assembly (Exploded View) 
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Fig. 10 - Removing or Installing Piston Oust Boot 
caliper and anti-rattle spring 

(6) Press IN on end of guide pins and thread pin 
into adaptor, USING EXTREME CARE $O AS NOT 
TO CROSS THREAOS. Tighten from 25 to 35 
loot-pounds. Be sure tabs of positioners are over 
machined surfaces of caliper (Fig. 1) 

(7) Pump brake pedal several times until a firm 
pedal has been obtained 

(8) Check and refill master cylinder reservoirs (if 
necessary) with approved brake fluid as required. (It 
hould not be necessary to bleed the .system after 
shoe and lining removai and installation). However, 
if a firm pedal cannot be obtained bleed the brake 
system as described in “Bleeding Brake System" 
paragraph. It me ave been necessary to remove 
fluid to put in new linings as fluid is pushed back 


into master cylinder. 
(9) Install wheel and tire assemblies and wheel 
covers 


(10) Remove jackstands or lower hoist 


REMOVING CALIPER FROM VEHICLE 

It will be necessary to remove the caliper to instal] 
a new piston seal and boot 

(1) Raise vehicle on a hoist or jackstands 

(2) Remove front wheel covers and wheel and tre 
assemblies 

(3) Disconnect front brake flexible hose fiom tube 
it frame mounting bracket. (If pistons are to be 
removed from caliper leave flexible brake line con- 
nected to tube at frame mounting bracket. See 
“Disassembling Caliper’’.) Plug brake tube to prevent 
loss of fluid, or prop brake pedal to any position 
below the first inch of travel. Disconnect hose from 
caliper 

(4) Remove guide pins and positioners that attach 
caliper to adaptor. Carefully slide caliper out and 
away from disc and adaptor, while holding out- 
board shoe and lining assembly. Remove inboard 
shoe and lining from adaptor. 


DISASSEMBLING CALIPER 
(1) Raise vehicle. Remove 
assemblies 
(2) Remove guide pins and positioners that attach 


wheel and tire 
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Fig. 13 - Honing Piston Bore 
caliper to adaptor. Carefully slide caliper out and 
away from disc and adaptor, while holding out- 
board shoe and lining assembly. Remove inboard 
shoe and lining assembly 

(3) Support caliper and remove dust boot (Fig 
10) 

(4) To remove piston support caliper assembly on 

Upper control arms on shop towels to absorb any 
hydraulic fluid loss. Carefully depress brake pedal 
to hydraulically push piston out of bore (brake pe- 
dal will fall away when piston has passed bore 
Opening) prop brake pedal to any position below the 
first inch of pedal travel to prevent loss of brake 
fluid. (If both front caliper pistons are to be 
removed, disconnect flexible brake line at frame 
bracket after removing first piston. Plug brake tube 
to remove piston from opposite caliper.) 
CAUTION: UNDER NO CONDITION SHOULD AIR 
PRESSURE BE USED TO REMOVE PISTON FROM 
BORE! PERSONAL INJURY COULD RESULT FROM 
SUCH PRACTICE. 

(5) Disconnect brake flexible hose from tube at 
frame mounting bracket 

(6) Mount caliper assembly in a vise equipped 
with protector jaws. Caution: Excessive vise pres- 
sure will cause bore distortion and binding of 
Piston. 

(7) Using a small, pointed, wooden or ~tastic 
stick, work piston seal out of its groove in piston 
bore (Fig. 11). Discard old seal. De not use a 
scr wdriver or other metal tool! for this operation, 


Nee 
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Fig. 12 - Removing Outer 8ushings 
because of possibility of scratching piston bore or 
burring edges of seal groove. 

(8) Remove outer bushings from caliper by press 
ing out of bore, (Fig. 12) using a suitable tool. Dis 
card bushings 

(9) Remove inner bushing and discard 
bleeder screw. 


Remove 


CLEANING AND INSPECTION 

Clean all parts using alcohol or a suitable solvent 
and blow dry, using compressed air. Blow out all 
drilled passages and bores. (Whenever a caliper has 
been disassembled, and a new boot and seal must be 
installed at reassembly). Inspect the piston bore for 
scoring or pitting. Install a new piston if it is pitted 
scored or the plating is severely worn. Bores that 
Show light scratches or corrosion, can usually be 
cleared with crocus cloth. However, bores that have 
deep scratches or scoring should be honed, using 
Tool C-4095, providing the diameter of the bore is 
not increased more than .002 inch. If the bore does 
not clean up within this specification, a new caliper 
housing should be installed. Black stains on the pis 
ton are caused by the piston seal and will do no 
harm 
When using Hone C-4095, coat the stones ond 
bore with brake fluid. After honing the bore, 
carefully clean the seal and boot grooves with a 
stiff non-metallic rotary brush (Fig. 13). 

Use extreme care in cle:-'ng the caliper after 
honing. Remove ali dirt and grit by flushing the 
caliper with brake fluid; wipe dry with o clean, 
lintless cloth and then clean a second time in the 
same manner or until clean cloth shows no signs 
of discoloration. 


ASSEMBLING CALIPER 

(1) Clamp caliper in vise (with protector jaws) 
Caution: Excessive vise pressure will cause bore dis 
tortion and binding of pist un. 

(2) Dip new piston seal in lubricant (supplied with 
kit) Ucon LB1145Y24 (or equivalent) and install in 
groove in bore. Seal should be p-iitioned at one 
area in groove and gently worked around the 
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CALIPER 


DUST BOOT 


Fig. 18 - Installing Piston ( Through Boot) 
groove, using clean fingers, until properly seated. 
NEVER USE AN OLD PISTON SEAL. (Be sure seal is 
not twisted or rolled) (Fig. 14) 


(3) Coat new piston boot with lubricant (as speci- 
fied above) leaving a generous amount of lubricant 


inside of boot. Install in caliper by working into 
Outer groove, using fingers only. (Boot will seem 
larger than diameter of groove, but. will snap into 
place when properly positioned in groove (Fig. 15). 
Using a forefinger, slide around inside of boot to be 
sure it Is seated, or correctly installed. 

(4) Plug high pressure inlet to caliper and bleeder 
screw hole, then coat piston with a generous 
amount of lubricant (as specified above). With fin- 
gers spreading boot, work piston into boot and 
press down on piston. (The entrapped air below pis- 
ton will force boot around piston and into its 
groove as piston 1s depressed). (Fig. 16). Remove 
plug, then carefully push piston down the bore until 
bottomed. Caution: Force must be applied uniform- 
ly to avoid cocking. 

(5) Install new inner guide pin bushings in caliper 
with flanged end on inboard side (Fig. 3). Compress 
flanges of outboard bushing in with fingers and 
work into position in hole from the outvoard side of 
the caliper (Fig. 17). Press IN on bushing, using fin- 
ker Ups or small plastic stick (Fig. 17) until seated. 
Be sure flanges extend over caliper casting evenly 
on both sides. Install bleeder screw. 

Before installing caliper assembly on vehicle, in- 
spect braking disc. Conditions as described in 


PISTON OUST 


OUTER 
BUSHING 


CALIPER 
; t 
2 rr 


oe 
Fig. 17 - Installing Outer Bushings 
“Checking Braking Disc for Runout and Thickness” 
paragraph. 


NUISA 


INSTALLING CALIPER 

(1) Examine lining for wear damage, or fluid con- 
tamination if its condition is found satisfactory it 
may be reused. If not usable both front brakes must 
be relined with new. If old lining is to be reused, be 
sure linings and positioners are installed in their 
Original position 

(2) Connect flexible brake hose to caliper, using a 
new gasket. Torque hose fitting to 25 foot-pounds 
Then attach brake hose to frame bracket 
CAUTION: The flexible brake hose should always 
be installed in the vehicle by first tightening “Ye 
male end of the hose in the wheel cylinder or rear 
axle housing tee. The hose should then be attached 
to the hose bracket in a manner to give minimum 
twist (15 degree twist is the maximum 
recommended). Excessive twist can result in hose 
interference problems with possible hydraulic system 
failure. 

(3) Install new inboard shoe and lining into adap- 
tor (Fig. 8). Holding outboard shoe and lining in 
Position in caliper, carefully slide caliper down into 
position in adaptor and over disc Align pin holes 
of caliper, adaptor and inboard and outboard shoes 
and anti-rattle spring 

(4) Install positioners over guide pins with open 
ends toward outside and arrows pointing upwards 
(Fig. 1} Install assembled guide pins through 
bushing, caliper, adaptor, inboard and outboard 
shoes and into outer bushings in caliper and anti 
rattle spring 
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Fig. 18 - Checking Braking Dise Run-out and 
Thickness 

(5) Press IN ON END GUIDE PINS AND THREAD 
PINS INTO ADAPTOR. USING EXTREME CARE $O 
AS NOT TO CROSS THREADS. Tighten from 25 to 
35 foot-pounds. (Be sure tabs of positioners are over 
machined surfaces of caliper) (Fig. 1) 

(6) Remove plug from brake tube and instal! flexi 
ble brake lighten securely. Avoid twisting 
how 

(7) With bleeder screw open, allow caliper to 
“gravity” fill with brake fluid, then close bleeder 
screw. (Be sure all air bubbles have escaped; replen 
ish brake fluid in master cylinder. Bleed brakes as 
described und. + “Bleeding Brakes” paragraph) 

(8) Pump brake pedal several times until a firm 
pedal has been obtained. 

(9) After bleeding caliper, check for fluid tightn 
under maximum pedal pressures. (Recheck master 
cylinder reservoir level) 

(10) Install wheel and tire assembly. Tighten stud 
Nuts using a star pattern (skip every other nut going 
around) until all 5 are torqued to 65 foot-pounds 
This is important. Install wheel cover 

(11) Remove jackstands or lower hoist 

(12) Road test vehicle and make several stops 
to wear off any foreign material on the brakes 
and to seat the linings. The vehicle mey pull to 
one side or the other if this is not done. 


hose 


CHECKING BRAKING DISC FOR RUNOUT 
AND THICKNESS 
(1) Mount dial indicator C 


3339 on steerits 


ynitacting dis¢ 
(Fig 18) 
inings adjusted t 
(Both sides 
sed 2 nch. If run 


i new disc and | 


plunger ¢ Approximat 


1 from edge of disc 
) With wheel be 


atera runout 


install 
areful to 
each side of dis 
side of disc 
thickness 
Sure 


 reface being rem 
possible trom 
mounts from each 
thickness below minimum 
ishing sectio - Be 


bearings 


and 


m of disc 
Measu 
it with 
f t i i¢ (1) inch 
dis it measurement 
OOOS inch ILS nhould be remove 
or a new d ind hub assembly inst 
(4) Light scoring and/ wear 
heavy is evident 


Refinishins 


evident tI 


scoring 
be refinished or replaced (See 
Braking Disc). If cracks are 


disc assembly must be replaced 


warping 


REMOVING BRAKING DISC AND HUS 
(1) Raise hoist or jacksta 


wheel cover and wheel and tire assen 


vehicle on 


assembly, as des 
(but do 


spend caliper from wir 


(2) Remove 
“Removing Cali 
line). Su 


id strain on flexible hose 


paragraph 
nect brak 
loo; to av 
(3) Remove grease cap pin, nu 
thrust washer and caring 


(4) Pull dise and hub off wheel spind 


cotter 


wheel be 


Outer 
uler 


INSTALLING BRAKING DISC AND HUB 


(1) Slide brake disc and hub assembly « 

2) Install outer bearing, thrust washer 
(3) Tighten bearing 
inch-pounds while rotating disc and hul 
disc runout as described previously 

(4) Position lock nut on nut with one pa 
in line with cotter pin hole 

(5) Back off adjusting nut and lock ass 


siot 


wheel adjusting 


(6) le rease ip, Coating inside 


| cap) and install cap 


with alcohol 


Kefore t lng or ret 


REFINISHING (REFACING) BRAKING O/5 


ig a brak 


C 
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Fig. 19 - Refacing Braking Disc 
and worn ridges 
(2) Runout or wobble 
(3) Thickness variation (Parallelism) 
(4) Dishing or distortion (Flatness) 


If a vehicle has not been driven for a period of 


time, the discs will rust in the area not covered by 
the lining and cause noise and chatter, excessive 
lining. Wear 


cause temporary improper 


wear and scoring of the discs and 

on the dises can 

ning contact i ridges are not removed before in- 
lwiavion of new lining (pads) 

Lining deposit on the disc may Cause erratic fric 

characteristics if new lining is installed without 


resurfacing or cleaning the disc 
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Fig. 20 - Disc Specifications 

Excessive runout or wobble in a disc can increase 
pedal travel due to piston knockback and increase 
seal bushing wear due to necessity of caliper to fol- 
low the disc wobble 

Thickness variation in a disc can also resu \ pe 
dal pulsation, chatter and surge due to variation in 
brake output when disc section is uneven 

Dishing or distortion can be caused by extreme 
heat and abuse of the brakes 


Resurfacing Braking Disc 

This operation can be used when the disc surtac« 
is rusty or has lining deposits A sanding disc atta 
chment will remove surface contaminati 
removing much material It will 


yanations in thickness which are in the disc 


without 
generally follow 


Refacing Braking Dise 

If scoring 1s deep, runout or thickness variation Is 
beyond limits, or other parent, the 
disc should be a brake lathe equipped 
for disc machining After machining a 


disc, a grinder may be used to remove tool marks 


distortion IS aj 
refaced on 
(Fig. 19) 


A new disc and hub assembly should te installed 


if the old one cannot be refaced to bring within 


specifications without removing an excessive amount 
Thickness 
Braking Disc (Floating Caliper) 
1.250-1.240 


All Except, Satellite and Barracuda 


1.000-1.010 


Satellite and Barracuda 


CAUTION 
When refacing a broking disc «Fig. 19), the manu 
facturers of the refactng equipment instructor 
should be ‘ollowed ck and the correct brake 
disc mounting adaptors mus! be used to obtain th 
required specifications 
BLEEDING DISC BRAKE 

The dise brake hydraulic system can be bled mat 
ually or with pressure bleeding equipment Ret 
“Hydraulic System Control Valves” section for lock 


out during bleeding disc brake 
equipped vehicles, the brake pedal will require more 
pumping, and frequent checking of the fluid level in 
the master cylinder during the bleeding operatior 


Never use brake fluid that has been drained from 


procedure. On 
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the hydraulic .ystem, when bleeding the brakes. 
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GENERAL INFORMATION 


The Sure Brake System iS designed to prevent any 
‘ct Irom locking up during brake applications 
speed of approximately 5 MPH The system 
the skid potential of a locked wheel and 
ntains the brake pressure for maximum 
opping effort. The end result is to improve the di 
tonal control and steerability of the vehicle, and 
in many Cases to reduce the distance required to 
Oring the vehicle to a stop 
The major ¢ mponents of the Sure Brake System 
are shown in Figures 14, 15 and 16. These compo- 
nents include 
(1) A 


mechanically driven Speed sensor at each 


l¢ controller (LC) located inside the right 

ifter panel 

nodulators; one modulator ts 

ider ahead of the wheels and 
(he radiator on the right side of the 

mpartment 


hres pressure 


cach front 


Speed Sensors 
‘chanically driven electro 
Speed sensors used on the rear 


ction drive type as shown in Figure 


BYPASS VALVE 


RAULIC >) 


q 


MYORAULIC 
JUTLET 


‘ 


AIR VALVE — Sat 


wheel, friction type speed sensors consist 

~“4honary permanent Magnet and coil in a case 

ind a tone wheel attached {0 @ mounting bracket 

A part of the mounting bracket forms a Spring to 

hold the shaft of the tone wheel in contact with a 

band that is pressed into a drive ring. The drive 

ring IS secured between the axle flange and the 

drum (by the wheel Studs), and sotates with the 

rear wheel. The clearance between the Magnet and 
the tone wheel teeth is not adjustable. 

The front wheel speed sensors are a frictionless 
drive type as shown in Figures 11 and 12 These 
sensors also include a Stalionary permanent magnet 
and coil in a case which is attached to a mounting 
bracket. Instead of the small friction driven tone 
wheel used on the rear Sensors, however, a large 
tone wheel is pressed on the hub of the disc brake 
rotor. The tone wheel rotates with the front wheel 
The clearance between the magnet and tone wheel 
feeth ts adjustable (Fig. 11) 


Pressure Modviators 
The Sure Brake System includes three pressure 
nodulators as shown in Figure 18. There is a pres 
modulator for each front brake and one pres- 
modulator for the two rear brakes 


DISPLACEMENT 
PLUNGER 


Fig. | ~ Pressure Modulator (Sectional) 


The hyd. aulic brake tubes are routed as foilows 
(Figure 19) 

Front Wheels combination meter 
ing proportioning valve outlet port to both front 
brake modulators 
the disc brake calipers 
Rear Wheels From the combination meter 
ing proportioning valve outlet port to the rear brake 
modulator; from the modulator to the wheel cylin 
ders of both rear brakes 

Engine vacuum is tnade available to each pressure 
The intake manifold is connected to the 
pressure modulators by hoses rout.d as shown 1n 
Figure 18 

Each pressure modulator (F',. 1) consists of a 
vacuum chamber, bypass tube, end plate, air valve, 
bypass valve and pressure modulator switch 

The pressure modulator vacuum chamber is divid 
ront and a rear section by a diaphragm 
and diaph agm plate. A diaphragm return spring 
holds the diaphragm plate in the forward position 
(against the end plate). The bypass tube connects 
the bypass valve to the rear of the vacuum 
chamber 

The modulator end plate includes a hydraulic cyl- 
inder as an integral part of the plate. The cylinder 
has a port which ts connected to the master cylin- 
der and a port connected to the wheel brake. A 
shut-off valve and a displacement plunger are as 
sembled inside the hydraulic cylinder 

Ihe bypass valve and air valve are attached to the 
end plaice. Both of these valves are solenoid 
operated. An electrical circuit connects the bypass 
valve on the rear pressure modulator to an amber 
light located on the instrument pane!’ 
modulator switch is pring loaded 
switch screwed into a threaded ope..ing im the end 
plate The switch is designed to provide a warning 
(Refer to 


From the 


modulator 


ed into a 


The pressure 


signal under certain abnormal conditions 
the description of the “Warning System") 


logic Controller 
The logic controller 
computer and 


Comp nents 


(LC) 1s essentially a small 
contains various electronic 
Ihe unit (Figure 14) ts encased in a 
container and includes the necessary cables and 
Electronically, the LC contains three 
each of the three pressure 


connectors 
channels, one for 
modulators 


Wiring System 

The wiring system consists of three separate wi 
ing harnesses plus the leads from the wheel sensors 
and the pressure modulators. The wiring Gisgeram in 
Figure 3 shows the harnesses and the other leads 
that make up the wiring system 


BR 


from each modulator to one of 


SURE BRAKE 5-59 


OPERATION 


Engine Running - Vehicle Not in Motion 
The wheel sensors do not generate any signals f 


transmission to the LC when the vehicle is not in 
motion. In the absence of signals from the whee! 
sensors, the LC does not send any commands to the 


pressure modulator 

Engine vacuum 1s available to the bypass valve on 
the end plate of the pressure modulator. The bypass 
valve is open in the absence of a command from 
the LC and vacuum is admitted to the front auc 
rear sections of the vacuum chamber 

The air valve is closed in the absence of a com 
mand from the LC, and no atmospheric pressure is 
admitted to the front section of the vacuum 
chamber. Thus, the diaphragm is balanced in 
vacuum, and the diaphragm return spring holds the 
diaphragm plate forward against the end plate 

If the brakes are applied under these conditions, 
the full hydraulic pressure from the master cylinder 
nasses thivugh the modulate ‘ydraulic cylinders to 
the calipers and wheel cylindecs 


Engine Running - Vehicle in Motion 

When the vehicle is in motion, an alternating cur 
rent (AC) voltage is generated at each wheel sensoi 
and sent to the LC. The frequency of the AC volt 
proportional to the 


' 
age ts directly 


wheel 
The LC processes the signals received from the 
wheel sensors to sample the speed of each wheel It 
the brakes are not applied or if they are applied 
lightly, the L¢ ) the 
pressure modulator 

When the brakes are applied with greater force 
the LC, based on the signals received from the 
wheel sensors, determines the rate at which each 
wheel is decelerating. If the rate of decelerations ts 
great (at a point that might produce excessive wheel 
slippage or wheel lockup), the LC sends a command 
to the modulator that controls the braking for the 
wheel or wheels concerned 

The command from the “C does two things at the 
pressure modulators 

(1) It closes the bypass valve. This shuts off the 
vacuum to the front section of the va.uum 
chamber 

(2) It valve. This permits atmospher 
ic pressure to enter the front section of the vacuum 
the LC rear modulator arr 
completes an electrical circuit to the 
amber light on the instrument panel, and the amber 
light comes on 


speed of the 


, 
t 
does not send any commands t 


pens the « 


chamber In addition 


valve channe 


With vacuum in the rear section and atmospheric 
pressure in the front section a pressure differential 


is created. The return spring ts compressed and the 


5-60 SURE BRAKE 


m and diaphragm plate move Slightly to 
ar This permits the displacement plunger to 

ve Slightly to the re or 
NOTe: For descriptive purposes, any diaphragre 
plate movement that compresses the diaphragm re 
turn spring 1s described as “to the rear", and any 
wement toward the end plate is described as 

‘forward” 


A shght movement of the displacement plunger to 
the rear closes the shut-off valve in the hydraulic 
ylinder. Closing the shut-off valve isolates the cali- 
pers or wheel cylinders concerned from master cyl 
nder hydraulic pressure 


The continued 


movement of the displacement 
plunger to the rear provides additional space for the 
brake fluid trapped between the hydraulic shut-off 
valve and the caliper or wheel cylinders. This per- 


's 4 small amount of fluid to return from the cal- 
per or wheel cylinders to the modulator, and thus 
reduces the hydraulic pressure at the caliper or 
sheel cylinders With the pressure reduced, the 

the re released, and the wheel speed starts to 

1s 

The LC. which continuously analyzes the signals 

d m tl ‘el sensors, detects the increase 

wheel speed. Depending upon the rate of increase 

n wh peed, one or both commands (air valve 

nd bys e) are removed from the modulator 
I} in tury ty accomplish two things 

(1) Close the air valve. This prevents atmosphere 

m enters the front section of the vacuum 

nber 
{<) Open the bypass valve. This makes engine vac- 

m avaiable to both the front and rear sections of 

Vacuum chamber 


With vacuum in both the front and rear sections, 


the diaphragm is balanced in vacuum, and the re- 
spring moves the diaphragm pla forward 
ipainst the end plate 
The me nt of the diaphragm plate also moves 
the displacement plunger forward. The forward 
movement of the plunger decreases the space for the 
brake fluid trapped between the hydraulic shut-off 
valve and the caliper or wheel cylinders. This forces 
fluid back to the caliper or wheel cylinders and 
thus increases the hydraulic pressure to re-apply the 
brakes. The LC, by controlling the air valve and 
bypass valve, determines the rate at which the hy- 
draulic pressure increases 
Under some conditions, the displacement plunger 


[Px 155, p 5-60) . 


may move forward far enough to open the hydrav- 


lic shut-off valve. If this happens, the driver may 


notice a slight drop in the brake pedal 
The cycle described above is repeated during a 
hard brake application until the vehicle speed has 


been reduced to approximately § MPH or the driver 
Cecreases the pressure on the brake pedal 

Each time the rear me’ ulator bypass valve is actu- 
ated (closed), the amber light on the instrument 
peael comes on momentarily to inform the driver 
that the Sure Brake Syst — is in operation 

At the end of a brake stop, the diaphragm plate 
and displacement plunger should always move for- 
ward far enough to open the hydraulic shut-off 
valve in the pressure modulator. When this 


happens, ihe brake pedal may drop slightly as noted 
above 


Exercise Cycle 
if the car engine is started with the brake pedal 


depressed (stop lights on), the pressure modulators 
go th two exercise cycles. When the ignition 
switch ‘> surned from the OFF to the START posi- 


tion all three modulators cycle o1 ce and when the 
switch returns from the START to the ON position 
the modulators cycle again. Thex 


ycles are to in 
sure that the system is functioning properly 


The 
cycles can be heard under some conditions (in a ga 


rage or a quiet place), but should not be a cause for 
concerm 


Warning System 

The Sure Brake System includes a secondary sys 
tem to warn the driver of certain types of f>‘lures 
in the system. The warning system uses the vehicle's 
brake warning light to warn the driver that a failure 
exists 

The warning system will cause the brak- warning 
hight to come on under the following conditions 

(1) If the pressure modulator is activated (d 
laphragm and plate dispiaced to rear) in the absence 
of a brake light signal 

(2) If the Le sends a signal to open the air valve 
on a modulator in the absence of a signal to close 
the bypass valve 

(3) If the electrical continuity of the a1 valve jead 
wire 1s broken 

(4) If all Speed sensor signals are not received at 
the LC, or if the signals are not properly converted 
in the LC at speeds above 15 MPH 


SERVICE PROCEDURES 


DIAGNOSIS TESTING 


In case of a malfunction in the sure brake system 
he following trouble shooting procedure should be 
lowed to properly diagnose the system. The flow 


chart (Fig. 2) has been included as a trouble-shoot 
ing guide 

A few important precautions should be 
prevent damage to the components 

(1) NEVER connect a test lead to a modulator for 


taken to 


TEST #9 
SENSOR TEST 


LIGHT COMES ON AFTER 


ENGINE STARTED WITH 
FOOT OFF BRAKE, BUT 
DOES NOT COME ON 
WHEN ENGINE IS STARTED 
WITH FOOT ON BRAKE 


UNTIL PEDAL IS RELEASED 


TEST #5 


MODULATOR SWITCH 


a LS TTT, 


STEP C 


STEP Hi 


STEP D 


LIGHT COMES ON WHEN 


ENGINE IS STARTED WITH 
FOOT ON BRAKE, BUT 
DOES NOT COME ON WHEN 
ENGINE IS STARTED WITH 
FOOT OFF BRAKE 


REPLACE LC 


BASIC TEST 


BRAKE 


WARNING LIGHT ON 


STEP E 


4 


T COMES 

ON ONLY 

ABOV 

APPROX'!MATELY 
© MF 


TEST #6 


SENSOR TEST 


Fig. 2 - Trouble Shooting Flow Chart 


STEPS: A, B, C, D, E 


INSUFFICIENT 
HYDRAULIC 


WHEELS LOCK 


LIGHT 


NO WARNING PRESSURE TO SOME 


WHEELS 


TO ONE 


PULL SIDE 


TEST #8 


AIR VALVE LEAK TEST 


TEST #7 


MOD FUNCTION TEST 


PD382 


19-S INV INS 
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Vv 


than 30 time. Any tire length 
than 30 seconds can damage the valve sole- 
which in turn could burn out the logic 


seconds at a 
tler 
nd coil 
ontroller 
(2) When reconnecting any electrica! circuit, take 
special care to insure that each terminal and/or 
nnection ts made properly and securely 
(3) If for some reason, the hydraulic system has 
cn opened, it should be bled carefully Any air in 
the system can seriously reduce the systems 
performance 


TEST NO. 1 WARNING LIGHT TEST 
Step A 
If the brake warning light is not on, turn the igni- 
to START. The light should come on 
while the engine is cranking 

If the warning light does not come on while the 
ine is cranking, replace the bulb or repair the 
warning light circuit as necessary 

If the light stays on after the bulb is replaced or 
‘he circuit 1s repaired, perform Step B, below, to 
rmine if the malfunction is in the Sure Brake 
System or in the basic brake system 

If the light comes on while the engine is cranking 
ind goes off when the engine starts, perform Test 
No. 2, Basic Brake Test 
Step B 
if the brake warning light is on, disconnect the 
id from the brake warning light switch on the 
nbination Refer to Figure 20 for switch 


hon switen 


Vaive 


mon 


it the 


warning light goes out when the lead is 
nected, the malfunction is in the basic brake 
Refer to instructions covering the basic brake 


If the failure light does not go out, the malfunc- 
ton ts in the Sure Brake System. Perform Test No 


Electrical Circuit Checks 
TEST NO. 2 BASIC BRAKE TEST 
Step A 
Disconnect L.C. Connectors located behind right 


ide lining in luggage compartment (Figure 4) and 


vacuum line. Vacuum line from intake manifold 
must be plugged (Figure 18) 
Step B 


Make ‘rief road test to evaluate performance of 
basic brake system 


E-881 


p 5-62) ; 


le 


Step C 

If braking appears normal, proceed to Test 3 If 
not, repair basic brake system, reconnect L. C. leads 
and vacuum line, and retest Sure-Brake system. If 
warning light comes on or system does not perform 
properly, proceed to Test No. 3 


BODY CONNECTOR “A” CONNECTOR “8” 
HARNESS 


CONNECTOR “C’ 


LOGIC 
CONTROLLER 


GROUND 


CONNECTION PD383 


Fig. 4 - Body Harness to logic Controller Connectors 


TEST NO. 3 ELECTRICAL CIRCUIT 
CHECKS 


Step A Checks at Logie Controller 

Make the measurements listed in the following table 
at Connectors A, B, and C (Fig. 4). The connectors 
should be disconnected, except for those measure- 
ments indicated with a double asterisk (**) All 
readings must be obtained from the terminals on the 
side of the connector attached to the body harness 
(Figure 7) except the last measurement which is made 
On the logic controller side of the connector 


If any reading is not as specified, refer to the step 


indicated for additional measurements or connec- 
tions that must be made 
CAUTION: Make all resistance measurements 


with the ignition switch OFF. Also be careful to 
avoid touching terminal K-7 while making resist- 
ance measurements because a voltage 1s present at 
K-7 whether ignition switch is ON or OFF, 
otherwise, the ohmmeter may be damaged 

After the circuit checks are completed, be sure 
that all connectors are properly mated 


. ; Ss eis Me SURE BRAKE 5-3 


K30 a = # 
Ont Mts Ge tho 
0)! iG) f C1 
15 ¥ + K12 
F SPEED | RF SPEED 
: | | SENSOR 
SENSOR ENSOR_ 
| BYPASS VALVE 
BYPASS haat ro 3 j K16 
[MODULATOR ips [MODULATOR] 
lp -~o— a ad OD Se | —Jen+—— +4» 
TswitcH Ki iat | KI _ SWITCH] 
cive ” ei Ly EO Ger 
, l PL al! 2 Wap 
AIR VALVE _ KI4 mi i AIR VALVE 
lf MODULATOR HHH RF MODULATOR 
i] BYPASS VALVE 
il]} K8 
| po mr 
HIGH CURRENT K7 itt Hii 2 (MODULATOR! 
FEED FROM ool Wt ewite if 
c \KI saints 
TARTER RELAY 16 GA a re 9 
FUSE LINK ENGINE COMPARTMENT HARNESS i I pe VALVE 
a Headed REAR MODULATOR 
1 li RIGHT SIDE TOE BOARD 
; 
z K2 . i | 
eles K'2 - (3: a 
ee, KIS - 4 CURRENT slheyy 
eS LOS a ieiins * STOP LIGHT SWITCH [x7 _ CONNECTOR CONNECTOR € 
CONNECTOR | (§) FUNCTION we t clo. Ci Ifa? 2H 
0 --{fo 0} ’ LIGHT A ieeie 3 : ido oh|| 
AHS Pe Yeh] 
, i 2 i$ ne 
K6 LOW CURRENT LINE ie 
1 AMP FUSE ~-y KP * CONNECTOR KB WIRE SPLICED 
” SH BOAR 4 : - : 
? oF & M4 DAS? oe m+1~-.4 TO REAR BYPASS 
C ( HARNES: b 
IGNITION =5 AMP 1 E BRAKE WARNING LIGHT : 
SWITCH GAUGE FUSE AND SWITCH BODY HARNESS ? 
[ " | 
ue spec Ff i RR SPEED 
9ENSOR + 1 r tJ SENSOR 
K4[.. ~}K38 K5(-) =) KIA 
NOTE ODO NOT USE A ry Fa fy 
FUSE WITH A RATING Sad Ee | Sa) a d 
HIGHER THAN 1 AMP j ‘ 7 TTF 
os r 
MALE PIN ; KQ CONNECTOR C SHIELDS 
FEMALE PIN [2 #8) K10 a ny } GROUNDED 
ALE BLA 7 S BA f- 
ca FEMALE BLADE ul) ~~ SHIELDS 
A hens COMBINING 
— LPX«s K3A, K3B, K3C 
LO j 2 K3D, INTO 
CONTR & CONNECTOR B ONE LEAD 
tS 
y 
} 
4 : 16 0410 
CONNEC xl4 13 PD4 


Fig. 3 - Sure Brake Wiring Diagram 
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| IGN 


| | t 
BETWEEN | MEASURE | SWITCH 


K-1 


= ee 


PEDAL 


a 


|READING SHOUL 
| BE 


Ohms 
Ohms 
Ohms 
Ohms 
Ohms 
Ohms 
Ohms 
Ohms 
Ohms 
Ohms 
Ohms 


Ohms 


Ohms 


Ohms 


Ohms 


Ohms 


OC Voits 


OC Voits 


> Volts 


> Volts 


> Volts 


Volts 


C Volts 


> Volts 


Volts 


> Volts 


DC Volts 


Ohms Off 
4 es | 


uld be same as battery voltage within 1 voit 


* Make measurements with all connectors ¢ onnected 
# Make measurement with headlights ON 
= Make measurement between K-3 on logic controller si 


of 


Released 
Released 
Released 
Released 
Released 
Released 
Released 
Released 
Released 
Released 
Released 
Released 


Released 


Released 
Released 
Released 
Released 
Applied 
Applied 
Applied 
Applied 
Applied 
Applied 
Applied 


Released 


3.0 - 5.0 
Above 50,000 
Above 50,000 
250-350 
Above 50,000 


250-350 


3.0 - 5.0 
Above 50,000 
*- 0-1300 
3.0- 5.0 

3.0 - 5.0 
Above 50,000 


1000-1300 


i/headlights 
ON 


connector and rear bumper 


o| IF NOT, 


ihe 


REFER TO 


Above 10,000 Step B 


Step C 
Step D 
Step E 

tep E 
Step E 
Step E 
Step C 
Step F 
Step F 
Step C 
Step C 
Step G 
Step G 
Step C 
Step C 
Step H 
Step J 
Step J 
Step K 
Step L 
Step M 


Step M 


Step M 


Step M 
Step M 
Step M 


Step N 


Step B Modulator Switch Circuit 

NOTE: After finding an apparent circuit failure, re- 
connect all connectors except Connectors A, B and 
C (at the logic controller) (Fig. 4), and repeat the 
corresponding measurement as specified in the table 
in Step A 

Disconnect the modulator switch connectors 
(Figure 5). Measure the resistance between the modu- 
lator switch side of the connectors (Figure 8) and 
ground. If any reading is below 10,000 ohms, the 
corresponding modulator or modulator 
faulty, and the modulator must be replaced 
If the readings are above 10,000 ohms, the engine 
compartment or body harness is faulty. Re-connect 
modulator and continue to next step 

Disconnect Connector D (Figure 6) located under 
the right side of the dashboard in the passenger 
compartment 

On the engiae compartment harness side of Con- 
nector D, seasure the resistance between K-1 and 
ground (Figure 7). If the reading is correct (above 
10,000 ohms), the body harness is faulty and must 
be reolaced. If reading is below 10,000 ohms, the 
engine compartment harness is faulty and must be 
replaced 


switch is 


Step C Air Valve and Bypass Valve Circuits 

NOTE: After finding an apparent circuit failure, re 
except Connectors A, B and 
controller), and repeat the corre 
measurement as specified in the table in 


connect all connectors 
C (at the logu 
sponding 
Step A 
Disconnect the electrical connector leading to the 
corresponding modulator (Figure 5). On the modu 
lator side of the connector, measure the resistance 
between the terminal that had the incorrect reading 
and ground (Figure 8) 

If the reading is still incorrect, the appropriate 
modulator is faulty and must be replaced 
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If the reading 1s correct (3.0 - 5.0 ohms) at the 
modulator connector, the engine compartir 
body harness is faulty. Reconnect modula 
nectcr and continue to next step 

Disconnect Connector E (Figure 6) located unde 
the right side of the dashboard in the passenger 
compartment 

On the engine compartment side of Connector | 
measure the between the terminal! that 
had the incorrect reading and ground (Figure 7) 

If the reading is correct (3.0 - 5.0 ohms), the body 
harness is faulty and must be replaced. If the read 
ing ts not correct, the engine compartment harne 
is faulty and must be replaced 
Step D Speed Sensor Ground Circuit 
NOTE: After finding an apparent circuit failure, re 
connect all connectors except Connectors A, B and 
C (at the logic controller), and repeat the corre 
sponding measurement as specified in the table in 
Stey aN 

Disconnect the front wheel speed sensor con: 
tors (Figure 5) 

On the speed sensor side of the connecter, me 
ure the 
ground (Figure 9) 


resistance 


resistance between either terminal and 


If the reading is below 50,000 ohms, the speed 

sensor 18 faulty and must be replaced 

disconnect Connector D 

(Figure 6) located under the right side of the das} ° 
board in the passenger compartment t 


On the engine compartment harness side of Cc 


If readings are correct 


nector D, measure the resistance between K-3C a 7 
body ground and between K-3D and body ground “ 
(Figure 7) 

If both cadings are correct (above 50,000 oh 
remove ti.c rear seat and disconnect the rear wh 


speed sensor connectors (Figure 6) 
On the speed sensor side of the connectors, me 
ure the resistance between each of the four 
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Fig. § - Engine Compartment Harness Connectors 
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CONNECTOR 0 
' 


| CONNECTOR E 


CONNECTOR F 


“~~ BODY HARNESS 


HIGH 
CURRENT 
CONNECTOR 


RIGHT REAR SPEED 
SENSOR CONNECTORS 


ENGINE 


LEFT REAR SPEED 
COMPARTMENT HARNESS 


SENSOR CONNECTOR 


fig. 6 - Body Harness Connectors 
TO BODY HARNESS TO LOGIC CONTROLLER TO BOD TO LOG 
‘ HARNESS CONTROLLER 


BLADE 


CONNECTOR A 


TO ENGINE TO ENGINE 


TO BODY - >A TO 80 
, COMPARTMENT COMPARTMENT ) 800 
TO BODY HARNESS TO LOGIC HARNES: HARNESS H 
’ § sad ARNESS 
CONTROLLER HARNESS Ss: 


Ly 


BLADE 


CONNECTOR 


CONNECTOR [ CONNECTC 


Fig. 7 - Connectors A, BC, D and E 
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INNECTOR 


WITCH 
MODULATORS 


TO RF TO EP NE OF »INE TO REAR 
MODULATOR OMPé E IMPARTME MODULATOR 


REAR MODULATOR CONNECTOR 


CONNECTIONS 
ARE TO BODY TO RR SPEED TO BOL" 
INTERCHANGEABLE HARNESS SENSOR HARNESS 


tC | | | 


“EFT REAR SPEED 
SENSOR CONNECTOR 


RIGHT REAR SPEED 
SENSOK CONNECTOR 


Fig. 8 ~ Electrical Connectors 


TO BODY HARNESS TO ENGINE 


INNEC TOR F 


TO BODY HARNESS OMPARTMENT HARNESS 


HIGH CURRENT CONNECTC CONNECTOR B 


TO ENGINE 
COMPARTMENT 
TO LF SPEED TO ENGINE TO RF SPEED SENSOR HARNESS 


SENSOR COMPARTMENT . 
HARNESS ‘ 


RIG? »HT FRONT SPEED 
LEFT FRONT SPEEC 


SENSOR CONNECT 


Fig. 9 ~ Electrical Connectors 


hody ground (Figure 8) 
If all readings are correct (above 50,000 ohms) 
the body Narness 


faulty and must be replaced 
a rear wheel sensor connector is 
the speed sensor attached to the 

vector 1s faulty and must be replaced 
Step E Rear Speed Sensor Circuits 
NOTE: After Finding an apparent circuit failure, re 
connect onnectors except Connectors A, B and 
C (at the logic controller), and repeat the corre- 
sponding measurement as specified in the table in 
Step A 

Remove the rear seat 


It any reading a 


below 50,000 ohms, 


and disconnect the rear 
wheel speed sensor connectors (Figure 6) in the line 
that has the incorrect reading 

On the speed sensor side of the connectors, meas- 
ure the resistance between either of the 
id body ground (Figure 8) 
be above $0,000 ohms 

On the speed sensor side of the connectors, also 
measure the resistance between the terminals in the 


terminals 
The readings should 


af 


two connectors. The reading should be 250-350 
ohms 
If all readings are correct, the body harness is 


faulty and must be replaced 
If any reading incorrect, the corresponding 
speed sensor is faulty and must be replaced 
Step F Right Front Speed Sensor Circuit 
NOTE: After finding an apparent circuit failure. re- 


f ff 


SPOT TAPE 


Sars YR 
Sac 
7 \w 
¢ 
Ww \ / 
xv \ 


VIEW Y 
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connect all iectors except Conneciors A, B and 
C (at the logic controller), and repeat the corr 
sponding measurement as specified in the table in 
A 
sconnect the mght front wheel speed sensor cor 
iector (Fig 5) 
On the i sensor of the connector (Figure 
Y), mea the resistance between each terminal 


and between the two terminals 
correct (each terminal to 
ove 50,000 ohms; terminal to terminal 

00 to 1300 ohms), the engine compartment or 
body harness is faulty. Reconnect speed 


f all readings are 


sensor 
connector 

If any reading is incorrect, the mght front speed 
sensor 1s faulty and must be replaced 

Disconnect Connector D (Figure 6) located under 
the right side of the dashboard in the 
compartment 

On the of Con 
nector D (Figure 7), measure the resistance between 
K-12 and ground, and between K-12 and K-3€ 


engine 


engine compartment harness side 


If both readings are correct (K-12 to ground 
above 50,000 ohms; K-17 to K-3C - 1000 to 1300 
ohms), the body harness is faulty and must be 


replaced. If either 
compartment 
replaced 
Step G 


reading 1s incorrect, the engine 


harness is faulty and 


must be 


Left Front Speed Sensor Circuit 


—— 


P0389 


Fig. 10 - Dashboard Harness 
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NOTE: ler finding an apparent circuit failure re- 
| ctors except Connectors A, B and 
ntroller), and repeat the corre 


ssurement as specified in the table in 


the left front wheel speed sensor con- 
Bure 
peed sensor side of the connector (Figure 
/), measure the between each terminal 
and between the two terminals 
correct (each terminal to 
50,000 ohms: terminal to terminal 
hms), the engine compartment or 
faulty. Reconnect speed sensor 


resistance 
ind ground 
If all 
ground above 
1000 to 1300 


body 


readings are 


harness 15 
‘ding 1s incorrect, the left front speed 
must be replaced 
ect Connector D (Figure 6) located under 
ht side of the dashboard in the engine 


partment 


faulty and 


the engine compartment harness side of Con 
D (Figure 7), measure the resistance between 
and between K-15 and K-3D 
readings are correct (K-15 to ground 
000 ohms, K-15 to K-3D - 1000 to 1300 
body faulty and must be 
If either reading 1s incorrect, the engine 
harness 1s faulty and must be 


1 ground 


harness 15 


mpariment 
placed 
Step H_ Low Current Circuit 
NOTE: After finding an apparent circuit failure. re 
nnect all connectors except Connectors A, B and 
ontroller), and repeat the corre 
ding measurement as specified in the table in 


fat the logic 


fuse in the K-6 line between 
) ignition switch. (Under dash, 
in fuse block). (Figure 10) 
place the fuse if it 1s faulty 
If fuse is OK, disconnect Connector F (Figure 10) 
cated under the right side of the dashboard in the 
passenger Compartment 
On the dashboard side of Connector F (Figure 9), 
measure the DC voltage between K-6 and ground 
(with ignition switch in the ON position) 
It the reading is correct (battery voltage), the body 
harness is faulty and must be replaced 
If the reading is incorrect, the instrument pane) 
overlay harness is faulty and must be repaired or 
replaced 
Step | High Current Circuit 
NOTE: After finding an apparent circuit failure, re 
nnect all connectors except Connectors A, B and 
repeat the corre 
as specified in the table in 


€ (at the logic controller), and 


nding measurement 


16 Gauge Fusible Link in the high cur 
‘nt line located in the engine compartment (Figure 


the fusible link, if necessary 
fusible link is good and battery voltage 1s 
ent at the high current feed on the starter rela 
the high current connector (Figure 6) jo 
the right side of the dashboard in |e 
passenger Compartment 
Measure the DC voltage between the engine com- 
partment harness side of the high current connector 
and ground (Figure 9) 
If the reading is correct (battery voltage), the body 
harness is faulty and must be replaced 
If no voltage is present the engine compartment 
harness 1s faulty and must be replaced 
Step J Warning Light Circuit 
NOTE: After finding an apparent circuit failure, re- 
connect all connectors except Connectors A, B and 
C (at the logic controller), and repeat the corre- 
sponding measurement as specified in the table in 
Step A 
Disconnect Connector F (Figure 10) located under 
the mght side of the dashboard in the 
compartment 
On the dashboard side of Connector F (Figure 9) 
the DC voltage between K-9 and ground 
(with ignition switch in the ON position) 
If the reading 1s correct (battery voltage), the body 
harness 1s faulty and must be replaced 
If voltage is not present, 


discs nnect 


cated under 


passenger 


neasure 


the instrument panel ov 
eriay or instrument panel harnesses are faulty and 
epaired or replaced 
Step K Voltage Feedback 
NOTE: After finding an apparent circuit failure, re- 
connect all connectors except Connectors A, B and 
C (at the controller), and repeat the corre 
sponding measurement as specified in the 
Sep A 

Depress and release the brake pedal and check the 
operation of the stop lights 

If the stop lights are not functioning normally, ref 
er to stop light switch adjustment, 


must be 


" 
bORIC 


table in 


this Group. Or 
Electrical 

After the stop light defect has been located and 
repeat the measurement of the DC volt- 
age between K-10 in Connector B and ground (with 
the headlights ON) 

If the reading is still above zero volts, check both 
tail light/stop light assemblies for poor ground or 
improper wiring and correct the defect 
Step L Stop Light to LC Circuit 
NOTE: After finding an apparent circuit failure, re 
connect all connectors except Connectors A, B and 
controller), and repeat the corre 
sponding measurement as specified in the table in 
Step A 

Check stop lights for operation Adjust the brake 
hight switch or correct other defects, if necessary 
and recheck voltage at LC. If no voltage 1s present 
(Figure 10) located under 


Group “8 


corrected, 


C (at the logi 


disconnect Connector fF 


right side of the 
compartment 

On the instrument panel harness side of Connector 
F, measure the DC voltage between K-10 (Figure 9) 
and ground (with brakes applied) 

If the reading 1s correct (battery voltage), the body 
harness is faulty and must be replaced 

If the reading is incorrect, the instrument panel 
harness is faulty and must be replaced 
Step M_ Logic Controller Circuits 

If the reading 1s incorrect (above zero volts), the 
logic controller is faulty and must be replaced 
Step N_ LC Ground 

Remove the bolt that secures the logic controller 
ground wire to the brace in the luggage compart- 
ment (Figure 4) 
Clean the eye 
face of the brace 
that any rust, 


the 


dashboard in the engine 


yn the end of the wire and the sur 
where the eye 1s attached. Be sure 
dirt or corrosion is removed 

Secure the ground wire to the brace and measure 
the resistance between K-3 on the logic controller 
side of Connector B (Figure 7) and a good ground 
connection on the rear bumper 

If the reading 1s correct (zero ohms), the ground 
connection was faulty and the problem has been 
corrected 

If the reading is above zero ohms, the logic con 
troller is faulty and must be replaced 


TEST NO. 4 ROAD TEST 

NOTE: Make LC and 
connected. 

Step A 

Start 
light 

Shut off engine 
Step B 

Restart with foot on brake 
Step C 

If brake failure light came on in (A) but not in (B) 
perform Test #5 (modulator switch test) 
Step D 

If brake failure light came on in (B) but not in 
(A) replace Logic Controller 

If no lights in (A) or (B) continue 


sure vacuum lines ore 


engine with foot off brake - observe failure 


observe failure light 


Step E 
Drive car at 20 mph with foot off brake. If light 
comes on perform Test #6 (sensor test) 


If fa'se firing suspected, go to Step H. 
If no lights in (E), continue 
Step F 


Drive car at 45 mph on slippery surface (1.e., Ice, 
snow, sand, gravel, wet blacktop, etc.). Apply 
brakes hard to lock or attempt to lock all four 
whevls. Observe for the following 


Pull to right or left 
air valve leak test) 
Lack 


perform Test #8 (front mod 


of rear braking - go to Step G. 


SURE BRAKE 


Locking of any wheel above 15 mph - go to Test 
f 

Step G 
If lack of rear brakes is suspected, disconnect both 


front sensor connectors 
gine compartment 
Restart 


ig. 5) (red rubber) tn en 


Car 


ind make hard stop on slippery sur 
face from 45 mph. Observe for following 
li rear modulator cycling can be heard or felt 


rear brakes and rear Sure-Brake system are 
operational] 

If rear wheels lock, perform Test #7 (rear modu 
lator test) 

It rears do not lock and modulator does not cycle 
perform Test #8 (air valve leak test) 
Step H 

Drive car on rough road with brake lightly applied 
(sufficient pedal force to turn on brake light). If no 
false firing occurs, drive car at 60 mph with brake 


lightly applied. [f false firing occurs perform Test #9 
(false firing cycling test). If cause for false firing has 
not been discovered at this point, 


Controller 


suspect Logic 


TEST NO. 5 MODULATOR SWITCH 
TEST 


Check the modulators as follows 


With the car engine running, disconnect all thre 
modulator switch connectors in the engine compart 
ment (Figure 5). Measure the resistance between thx 


modulator switch side of the connector (Figure 8) 
and ground. If any reading is less than 10,000 
ohms, replace the corresponding modulator 


TEST NO. 6 SPFFD SENSOR OUTPUT 
CHECK 


Step Check the rear speed sensor output as 
follows: 

With the rear wheels just off the floor, start th 
engine and drive the rear wheels 5 to 6 miles per 
hour 

With all connectors connected, measure the A¢ 


voltage between K-4 in Connector B and K-3 in 
Connector B (Figures 4 and 9). Make the measure 


ment where the wires go into the back of the 
connectors 
The voltmeter should read at least .2 volts AC. If 


the reading is less than .2 
below 


volts, ge to Step B 


If the reading is .2 
ance of this step 


volts or more, perform the bal 


With all connectors connected, measure the AC 
voltage between K-5 in Connector B and K-3 in 
Connector B. Make the measurement where the 
wires go into the back of the connectors 

The voltmeter should read at least volts AC. If 
the reading is less than .2 volts, go to Step B 
below 
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MOUNTING BRACKET 


| 


SPLASH SHIELD 


HOLE IN 
SPLASH SHIELD 


Fig. 11 - Adjusting Front Speed Sensor Position 
If the reading 1s .2 volts or more, go to Step C, 
chow 
Turn the engine OFF 
Step B_ Inspect the appropriate rear speed sensor 
as follows: 
Remove the 


ihe sensor 


rear wheel and drum, and check that 
bracket holds the sensor 
knurled wheel against the rubber dnve band in the 
Ir Then remove the drive ring 

Check the sensor (Figure 13) for damage to the 
tone wheel teeth, the sensor mounting bracket and 
the sensor lead. Be sure that the tone wheel can be 
turned with the fingers. Replace any fauity parts 
Inspect the rubber drive band that is pressed into 
the drive ring (Figure 13) If the rubber band ships 
inside the ring or the band is badly worn, replace 
the drive ring assembly 

Check the sensor knurled wheel for deposits 
(rubber, lining dust, etc). If the deposits are exces- 
sive or uneven, clean the knurled area with a knife 
Install the drive ring, drum and wheel 

Repeat Step A, above. If the AC voltage output 1s 
than .2 volts, replace the speed sensor 


mounting 


ve ring 


still less 
issembly 
Step C 
follows: 
With the front wheels just clear of the floor, ro 
left front wheel, by hand, at the rate of one 
revolution per second. This 1s equivalent to approxi- 
mately 5 miles per hour 
NOTE: It miay be necessary to pry the disc brake 
pads back from the disc so that the wheel rotates 


Check the front speed sensor output as 


ate the 


freely. CAUTION 
on lining surface 
With all connectors connected, measure the AC 
voltage between K-15 in Connector B and K-3 in 
Connector B (Figure 9) Make the 
wires go into the back of the connectors 
The voltmeter should read at least .2 volts AC. If 
the reading is less than .2 volts, go to Step D, 
below 


Do not damage pads by prying 


measurement 
where the 


If the reading is .2 volts or more, perform the bal- 
ance of this step 

Rotate the mght front wheel, by hand, at the rate 
of one revolution per second 

With all connectors connected, measure the AC 
voltage between K-12 in Connector B and K-3 in 
Connector B. Make the measurement where the 
wires go into the back of the connectors 

rhe voltmeter should read at least .2 volts AC. If 
the reading 1s less than .2 volts, go to Step D, 
below 

If the reading is .2 volts or more, go to Step E, 
below 
Step D Inspect the appropriate front speed sensor 
as follows: 

Raise the car on a hoist, and use a narrow (1/4" 
wide), .020" feeler gauge to check the gap between 
the speed sensor and the tone wheel (Figure 11) 
The gap should be 020" maximum. The sensor 
contains a which may attract the 
This may cause the air gap to feel correct, 
when it may be excessive 
NOTE: A gauge may be made from a piece of 020 
shim stock, if desired. If the gap is incorrect, loosen 
the sensor locknut, adjust the sensor position, and 
ughten the locknut to 70-90 inch-pounds. Rotate 
the wheel to be sure that the sensor does not touch 
the tone wheel, used sensor only. A new sensor will 
touch. See “Component Removal and Installation” 

Repeat Step C, above. If the AC voltage output 1s 
still less than .2 volts, replace the speed sensor 
assembly, and inspect tone wheel for damaged or 
chipped teeth. If teeth in the tone-wheel are 
missing, the hub, rotor, and tone-wheel assembly 
must be replaced 
Step E 

If all the speed sensors are functioning properly, 
the logic controller is faulty and must be replaced 


TEST NO. 7 eo FUNCTION 


Step A Check the vacuum supply as follows 

Visually inspect all vacuum hoses in the engine 
compartment for damage, and check that all hose 
connections are tight. Replace any damaged hoses, 
and tighten any loose connections 

Start engine and listen for hissing sound indicating 
vacuum leak. Repair leak if located 

After all leaks (if any) have been repaired, discon 


magnei feeler 


x Auge 


the vacuum hose at the rear modulator (Figure 
18), and con. ct a vacuum gauge between the hose 
ind the rear modulator vacuum jalet. Connect all 
vacuum hoses 
With engine 
normal 


running, the vacuum gauge should 
read engine vacuum. If not, re-check for 
vacuum leak, or tune the engine, as necessary 

If the vacuum supply is adequate but all wheels 
lock up during a severe brake application and the 
warning light does not come on, the logic controller 
is faulty and must be replaced 

If the vacuum supply is adequate, one or more 
wheels (but not all) lock up during a severe brake 
application and the warning light does not come on, 
perform the balance of this test 
Step B Check the operation of the air valve and 
by-pass valve as follows 

Disconnect the electrical connector to the suspect- 
ed modulator (the modulator that controls the 
wheel or wheels that lock up). Refer to Figure 5 

Start the engine, and note the reading on the vac- 
uum gauge 

NOTE: The air valve and bypass valve should not 
be energized for more than 30 seconds and a two- 
minute cool-off period should follow each period the 
valves are energized; otherwise, the valve solenoid 


may overheat and be damaged 
Connect a jumper lead from the positive pole of 
the battery to the air valve terminal (K-2, K-14 or 


K-17) on the side of the connector leading to the 
modulator under test (Figure 8) 

WARNING: Do not leave any modulator con- 
nected to battery for more than 30 seconds. Ex- 
tended actuation of modulator valves will burn 
out coils. 

The reading on the vacuum gauge should drop. If 
not, the modulator is faulty and must be replaced 

Connect a second jumper lead from the positive 
pole of the battery to the bypass valve terminal 
(K-%, K-13, or K-16) on the side of the connector 
leading to the modulator (jumper lead still connect- 
ed to air valve) 

The vacuum gauge reading should increase to ap 
proximately the reading noted before valves were 
energized 

If the vacuum gauge reading does not increase, the 
modulator 1s faulty and must be replaced 

If the vacuum gauge reading increases, remove the 
vacuurn gauge and repeat Step B at the other two 
modulators 

If the vacuum 
modulators, 


readings are normal at all three 
Step C, below 
Step C Check the operation of the rear modulator as 


follows 


perform 


Disconnect rear modulator connector K-2 and K-8 
Close to the modulator, connect a jumper lead capa 
ble of reaching the battery from the modulator K-2, 
&-5 connector 
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heels clear of ground, start engine, en 

ly brake with medium force. (A pedal force 
beyond booster run-out must not be used). If wheels 
do not stop, modulation is faulty 

A second man applies the X-2, K-8 jumper lead 
to the battery positive terminal for a maximum of 
10 seconds and observe that the rear wheels begin 
to revolve. Should the wheels not revolve, recheck 
pedal pressure and retest. If the wheels do not 
revolve, replace modulator 
Step D Check the operation of the suspect front 
modulator as follows 

Disconnect front modulator connector close to the 
modulator, connect a jumper lead capable of reach 
ing the battery from the modulator connector 

Raise front wheels clear of ground, check they can 
be rotated by hand 

Apply brake with medium force. (A pedal force 
beyond booster run-out must not be used) 

A second man applies the jumper lead to the bat- 
tery positive terminal for a maximum of 10 seconds 
while a third man rotates or attempts to rotate the 
front wheel. Should the wheel not revolve, recheck 
pedal pressure and retest. If the wheel does not 
revolve, replace modulator 
Step E Check the operation of the hydraulic check 
valve as follows 

Disconnect suspect modulator 
the modulator, connect a jumper lead capable of 
reaching the battery, to both terminals in the modu 
lator connector (Fig. 8) 

Start engine, apply medium brake pressure (a pe 
dal force beyond power brake booster run-out must 
not be used) 

Apply the jumper lead to the 
terminal. Then crack 
brake. Hold for 30 seconds 
not rush out and the brake pedal does not sink 
indicating that the check valve is functioning cor 
rectly. Remove jumper lead and tighten bleed screw 

Should the pedal sink indicating a leaking hydraulic 
check valve, replace modulator 


TEST NO. 8 AIR VALVE LEAKAGE 
TEST 


A leaking air valve can prevent full pressure from 
getting to the wheel brake effected. (i.¢., leaking left 
front air valve may cause a pull to the nght, etc.) 
Step A 

Disconnect electrical connections at the suspect 
modulator 

Raise suspected wheels just clear of floor 

Obtain a jumper wire long enough to reach from 
the battery to the modulator under test 

Disconnect the modulator 
connector Figures 3 and 5) 

Start engine and apply the brakes with moderate 


connector close t 


battery positive 
a bleed screw at the appropnate 
observe that fluid does 


connector (two circuit 
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ly th per to the valve terminal 
K 13, K-16, K-8) and attemot to turn the 
«fOlled wheel with a wrench or the lug nut 
WARP 4G: Do not leave valve connected for 
more than 30 seconds. 
If the wheel will turn, repeat the test with the 
4mper disconnected and the engine off. If the 
wheel will not turn under these conditions, the air 
valve 1s leaking 
Replace the modulator 


by pass 


TEST NO. 9 FALSE FIRING CYCLING 
TEST 


NOTE: An occasional “Sure-Brake” light and modu- 
itor clicking caused by driving over a rough road 
ith the brake applied lightly is 
ed firings occur on average to 
celerations obviously less than 
» Nnspect sensors 
Step A Inspect each front speed sensor as follows: 
Raise the car on a hoist. and use a narrow (1/4" 
wide), 020" feeler gauge to check the gap between 
the speed sensor and the tone wheel (Figure 11) 
The gap should be 020" maximum 

Note: A gauge may be made from a piece of .0zv” 
shim stock, if desired 

If the gap ts incorrect, loosen the sensor locknut, 
idjust the sensor position, and tighten the locknut 


of a gravel roa 
rmal. Should 
woth roads at 


kid levels 


SENSOR LEAD 


SPLASH SHIELD 
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to 70-90 in. Ibs. Rotat. che wheel to be sure that 
the sensor does net touch the tone wheel 

Inspect tone wheel teeth for low 
(.010"-.020" will cause trouble) 

Step B Inspect each rear speed senso: as follows 

Remove the rear wheel and drum. and check that 
the sensor mounting bracket holds the sensor 
knurled wheel against the rubber drive band in the 
anive ring. Then remove the drive ring 

Check the sensor (Figure 13) for damage to the 
tone wheel teeth, the sensor mounting bracket and 
the sensor lead. Be sure that the tone wheel can be 
turned with the fingers. Replace any faulty parts 

Inspect the rubber drive band that is pressed into 
the drive ring (Figure 13). If the rubber band slips 
inside the ring or the band is badly worn, replace 
the drive nng »ssembly 

Check 1 or knurled wheel for deposits 
(rubber, |: st, etc.). If the deposits are exces. 
Sive or uneven, Clean the knurled area with a knife 

Install the drive ring, drum and wheel 
Step C Make a functional check as follows: 

Remove two leads from brake stoplight switch at 
brake pedal and install a short Jumper wire across the 
two leads so that the Stoplights are on at all times 
Drive over 4 rough area at various speeds until the 
false firing readily occurs 

Disconnect (see Figure 
5 for location of sensor connectors) and drive over 


tooth 


one iront sensor at a time 


ALIPER 
y, 


ROTOR TONE WHEEL ASSEMBLY 


Fig. 12 - Front Sensor Moeunting ond Sensor lead Routing 


[PX 25 

o 

ne area under the same conditions that produced 
the false tiring 

When the false firing s ‘nace the front sen 
sor that is disconnect 

Should the front ser not be the problem, re- 
move rear seat to “xpos 20th pairs of rear sensor 
leads - disconnect left sensor. Make up a wire har 


ness to connect output of right rear sensor to both 
nght and left harness leads. Drive over the same 
wea under the same conditions that produced the 
false cycling. If the false firing stops, replace left 
rear sensor 

If the false firing continues, remove leads from 
right rear sensor and connect to lert rear sensor 
Drive over the same area under the same conditions 
that produced the false firing. If the false firing 
stops, replace the right rear sensor 

Step D 

If all the speed sensors are functioning properly, 
the logic controller is faulty and must be replaced 


COMPONENT REMOVAL AND 
INSTALLATION 


FRONT WHEEL SPEED SENSOR, Fiqure 12 
Removal 

(1) Sepa i 
ompartment 


the speed sensor connector in the en 


gine and remove the sensor lead from 


the retaining clip 


SENSOR LEAD 


Fig. 13 


c 


p 5-75] 
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(2) Raise the car, and remove the tire and wheel 

(3) Remove the speed sensor lead from the clamp 
holding it to the front wheel suspension system 

(4) Dismount the caliper. Do not disconnect hy 
draulic Be careful to support the caliper so 
that the weight of the caliper is not placed on the 
brake hose 

(5) Remove the hub and disc assembly (the tone 
whe! is part of the hub and disc assembly) 

(6) Remove the two bolts that secure the speed 
sensor to the splash shield, and the wire clip from 
the splash shield 

(7) Pull the speed sensor lead through the hole in 
the splash shield, and remove the speed sensor 
Installation 
NOTE: If a new sensor is being installed, slide the 
sensor toward the tone wheel teeth until the plastic 
projections on each edge of the sensor case are 
against the tone wheel. The projections will wear off 
during the first few revolutions of the tone wheel 
providing the correct gap between the sensor and 
the tone wheel 

(1) Laer nut that secures the sensor to the 
mounting brack.t, and position the sensor to pro 
vide maximum cle \rance between the sensor and the 
tone wheel 

(2) Insert the sensor lead through the hole in the 
shield, and secure the mounting 
bracket to the splash shield with two bolts, and at 


lines 


the 


splash sensor 


ORIVE RING 


BRAKE DRUM 


/ 


SENSOR PO3I92 


Rear Speed Sensor Mounting and lead Routing - left Rear Shown 
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RIGHT REAR 
QUARTER PANE 


Y HARNESS 


UNO LEAD 
BODY AND 
OGIC CONTROLLER 


MOUNTING 


BRACKET PD393 


Fig - logic Controller Mounting 
the splash shield 
istall the hub and disc assembly 
through the hole in the splash shield 
* the sensor in the mounting brack- 
020" clearance between the small 
rojyecting from the sensor and the tone 
h. If a used sensor is being reinstalled, use 
(1/4"" feeler gauge to set this 
lighten the nut to 70-90 inch-pounds to 
ire or in this position 
) Mount the caliper 
(6) Secure the sensor lead in the trough on the 
nt suspension system, route the lead into ithe en 
Ine compartment 
(7) Install the tire and wheel and lower the car 
(8) Join the speed sensor connector in the engine 
ompartment 


wire chp t 


wide) 


ire the sens 


REAR WHEEL SPEED SENSOR, Figure 13 
Removal 

(1) Separate the speed sensor connectors under the 
rear seat 
(2) Ratse 


the car, and remove the tire, wheel and 

drum 

(3) Remove the speed sensor lead from the clamps 

holding it to the spring, and from the frame rail 

ip 

4) Press the speed sensor toward the axle (to re- 
the pressure of the knurled shaft against the 

ve band), and remove the drive ring 

5) Working through the hole in the axle flange, 

move the two nuts that secure the sensor and 

Pull the lead 


backing plate and the floor 


and remove the sensor 
hole in the 
pan 
Installation 
the sensor lead through the hole in the 


nsor on the two bolis and secure 


through the hole in the axle 


2) Position the se 


two nuts (work 


NOTE: Nothing should be between the speed sensor 
bracket and the backing plate. If necessary, the axle 
lock on the mght wheel must be re-positioned on 
one of the other studs 

(3) Position the drive ring on the axle flange 
Press the speed sensor toward the axle while posi- 
tioning the drive ring 

(4) Assemble the sensor lead in the clamp on the 
spring and in the frame rail clip, and route the lead 
through the floor of the car. Be sure that the grom- 
mets in the car floor and backing plate are positive 
ly seated ‘ 

(5) Install the drum, tire and wheel, and lower the 
car 

(6) Join the speed sensor connectors under the 
rear seat (May be interchanged) 

LOGIC CONTROLLER, Figure 14 

Removal 

(1) Remove the right side lining in the luggage 
compartment and the jack from its stowed position 
for access to the logic controller (LC) 

(2) Disconnec. the LC plugs, and remove the bolt 
that secures the ground wire 

(3) Remove the three screws that secure the LC to 
the mounting bracket and remove the LC from the 
cal 
Installation 

(1) Position the LC on the mounting bracket, and 
secure with three screws 

(2) Connect the LC plugs to the corresponding 
plugs on the body wiring harness, and attach the 
ground wire securely. 

(3) Secure the jack in its stowed position and atta- 
ch the side lining in place 


FRONT WHEEL PRESSURE MODULATORS 
(Left or Right), Figure 15 
Removal 

(1) Raise the hood anu disconnect the modulator 
electncal connectors 

(2) Work down behind the turn indicator to re- 
move the nuts that secure the modulator to the car 

(3) Raise the car, and remove the tire and wheel 
assembly 

(4) Remove the outer panel of the wheelhouse to 
permit access to the modulator 

(5) Disconnect the vacuum hose from the module 
tor and position the hose out of the way 

(6) Disconnect the two hydraulic lines and plug 
the lines to keep out dirt. Bend the tines slightly for 
better access to the modulator 

(7) Pull the electrical lines through the housing 

(8) Remove the two bolts that secure the side 
bracket to the car (Figure 16) 

(9) Remove the modulator from the car 
WARNING: Do not attempt to disassemble the 
modulator. The heavy duty diaphragm return spring 
is compressed inside the modulator, and any at 


ELECTRICAL LEADS HYDRAULIC INLET 


HYDRAULIC 
OUTLET 


VACUUM INLET P0435 


Fig. 15 - Front Modulator - Right Front Shown 


BLEED SCREW ON REAR 
nei 
MODULATOR ONLY 


"—— SIDE BRACKET 


VACUUM 
HOSE 


/ 


BOTTOM BRACKET 


RADIATOR YOKE 


P0395 


Fig. 17 - Rear Modulator Mewutixqg Brackets 


tempt to remove the “J” bolts and end plate could 
result in personal injury 

Installation 

(1) Attach bracket to the modulator 
bolts and nuts until all threads are started 
(2) Position the modulator in the car 
(3) Align the modulator and slide studs on end 


bracket through hole in panel. Start nut on each 
Stud 


mounting 
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SURE BRAKE 


PRESSURE 


SIDE BRACKET 
MODULATOR 


END BRACKET PD394 


Fig. 16 - Front Modulator Mounting Srackets 
Right Front Shown 


(4) Secure the side bracket 


to the car with two 
bolts 
(5) Tighten all modulator mounting bolts and 
nuts 


(6) Route the electrical wires through the housing 
into the engine compartment, and connect the mod 
ulator plugs to the engine wiring harness plug 

(7) Connect the hydraulic lines to the modulator 
Be sure that each line is connected to the same port 
from which it was disconnected 

(8) Connect the vacuum hose to the modulator 

(9) Bleed the hydraulic system to be sure that all 
air is removed from the system 

(10) Install the outer panel of the wheelhouse in 
place 

(11) Install the tire and wheel assembly, and lowe: 
the car 

(12) Make electrical and vacuum connections 


REAR MODULATOR, Figure 17 


Removal 


(1) Disconnect the modulator electrical connectors 

(2) Disconnect the vacuum hose from the modula 
tor bypass valve 

(3) Disconnect the two hydraulic lines from the 
modulator. Plug the lines to keep dirt out of the 
hydraulic system 

(4) Remove the two bolts that secure 
bracket to the radiator yoke (Figure 17) 
(S) Remove the two nuts that hold the bottom 
bracket to the radiator yoke, and remove the modu 
lator from the car 


the side 


WARNING: Do not attempt to disassemble the 
modulator. The heavy duty diaphragm return spring 
is compressed inside the modulator, and any at 
tempt to remove the “J” bolts and end plate could 
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5-78 SURE BRAKE 


result in personal injury 
Installation 
NOTE: Do not tighten the modulator mounting 
bolts and nuts until all threads are started 
ition the side bracket on the modulator, 
with two nuts and lockwashers 
2) Position the modulator in place, and secure the 
ttom bracket to the radiator yoke with two nuts 
(3) Install the two bolts that secure the side brack 
LEFT FRONT MODULATOR 


VACUUM TEE 
“FITTING 


et to the radiator yoke 
(4) Tighten all modulator mounting 
nuts 


bolts and 


(5) Connect the hydraulic lines to the modulator 


Be sure that each tube is connected to 
port from which it was disconnected 


the same 


(6) Cennect the vacuum hose to the modulator by 


pass valve 


Connect the modulator electrical plugs to the 


HT FRONT MODULATOR 


REAR MODULATOR 


»)F “y 


. 


INTAKE MANIFOLD FITTING 


Fig. 18 - Vacuum Hose Routing 


, SS 
Q TO LEFT 4 
FROM MASTER FRONT BRAKE ‘5 
CYLINDER d 


WARNING 
SWITCH TERMINAL 


JUNCTION BLOCK 


REAR MODULATOR 


RI 


VACUUM 
HOSE 


PD3I96 


»HT FRONT 


MODULATOR 


JUNCTION BLOCK-——— 


COMBINATION 
VALVE 


TO REAR BRAKES 


TO RIGHT 
FRONT BRAKE 


Fig. 19 - Hydraulic Tube Routing 


FRONT OF 
CAR 


SS 


Fig. 20 - “U" Tube in Front Brake Line 
engine wiring harness plug 
(%) Bleed the hydraulic system to be sure that all 
air 1s removed from the system. After bleeding at 
the wheel cylinders, the modulator hydraulic cylin 
der must be bled at the bleed screw located on the 
modulator 


DISABLING THE SURE BRAKE SYSTEM 

If necessary parts are not available or for some 
other reason the Sure Brake System cannot be 
repaired, the system should be disabled. The brakes 
then will function the same as those on cars with 
out the Sure Brake System, and the car can be op- 
erated safely 

For most of the failures that can possibly occur, 
the systern can be completely disabled by discon- 
necting the logic controller (all three connectors) 
(Figure 14) and the vacuum supply hose. The vacu- 
um hose should be separated at the “T" connection 
(Refer to Figure 18) leading to the modulator. The 
line to the intake manifold should be plugged. The 
line to the modulators should be taped to keep out 
any dirt 

An additional step is necessary to disable the 
system for one type of failure that can possibly 
occur, This is a failure that causes the pressure 
modulator diaphragm plate to stick in the retracted 
Or partially retracted position 


If a diaphragm plate sticks in the retracted 
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REAR 
BRAKE LINE 


POS99 


Fig. 21 - Re-rovte Rear Brake Line 

position, the hydraulic cut off valve in the modula 
tor remains closed. Thus, hydraulic pressure is cut 
off from the brake (both brakes if rear modulator) 
that is connected to the modulator 

To assure that the basic brake system is not affect 
ed by a hydraulic restriction; place car on hoist, 
spin wheels by hand to insure that wheels are fre: 
With brakes applied attempt to spin wheels, releas¢ 
brakes and spin wheels again, if a wheel spins with 
the brakes applied or does not rotate with brakes 
released, the modulator for that wheel must be 
bypassed. Modulators can be bypassed by perform 
ing the following: front modulators, a “U" tube 
should be placed in the system after the modulator 
tubes have been removed (see Figures 18, 19 and 
20). Rear modulator, route the brake line fium the 
rear wheels directly into the rear of safety tee after 
modulator line has been disconnected (see Figures 
18, 19 and 21). Fittings shown in Figures 18, 19, 20 
and 21 are located in the engine compartment 

On the rear modulator, both hydraulic tubes 
should be disconnected at the combination brake 
warning/proportioning metering valve. This com 
pletely bypasses the modulator for the rear brakes 
The changes in the hydraulic connections are in 
addition to disconnecting the vacuum and electrical 
supply from the system as noted above 

Road test the car and check braking action after 
disabling the system 
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5-80 SPECIFICATIONS 


VALIANT MODELS 6 Cyl. 6Cyl. H.D.& V8 

Type : Duo-Servo Single Anchor Duo-Servo Single Anchor 

)RUM DIAMETER Si acide ematnclahe Sad 9” 10° 

NUMBER OF BRAKE SHOES ia 8 8 

BRAKE LINING aes t Sy Extruded and Molded Extruded and Molded 
Asbestos-Bonded Asbestos-Bonded 

WIDTH 

Front bys io tatian Re ales Pri. 2-1/4" Sec. 2-1/2” 2 

A 1 


/4" 
Rear Wis} A te anoe eer bis ee 2 4" 


1 
3 


LENGTH 

Front Primary 
Front Secondary 
Rear Primary 
Rear Secondary 


THICKNESS 

Primary 

: ndary 

WHEEL CYLINDER 

Front Wheel Cylinder Bore 

Rear Wheel Cylinder Bore arbiters 
MASTER CYLINDER BORE 


SATELLITE and BARRACUDA MODELS 6 Cyl. V8&H.D.& Sub 


type ‘ as . Duo-Servo Single Anchor Duo-Servo Single Anchor 
ORUM DIAMETER ... ‘ ee 10” 10” 

(Heavy Duty) are . : ia " 7 
NUMBER OF BRAKE SHOES 
WIOTH (Standard) 
rront 
Rear 

HEAVY DUTY) 

iv baila sola 2.1/2” 2-1/2" 

{AKE LINING (10-INCH) . ; , Extruded Asbestos-Bonded € xtruded Asbestos Bonded 
LENGTH 

ront Primary ; 7 . See 8-1/2" 8-1/2" 
r nt Seco dary . es o. : i hea i he 
Rear Primary ; ye 8-1/2" 8-1/2" 


Rear Secondary Stk ; 11" i ha 


BRAKE LINING (11 INCH HEAVY DUTY) 
LENGTH 


Front Primary 

Front Secondary 

Rear Primary 

Rear Secondary 

Thickness Primary 
Secondary 

WHEEL CYLINDER 

Front Wheel Cylinder Bore 

Rear Wheel Cylinder Bore 

MASTER CYLINDER BORE 


=e 


‘ SPECIFICATIONS 5-81 
FURY MODELS 
TYPE é » Single Anchor 
DRUM DIAMETER.. sivrets 11 in 
(Police & Heavy Duty) ip aparece 11 in 
NUMBER OF BRAKE SHOES : Bin 
WIDTH 
Front (Up to, including 360 Cu. In. Engine) 2-3/4 in 
Rear (Automatic Transmission) ..... 2 in 
(Manual Transmission) 2-1/2 in 
{HEAVY DUTY) 
Front erenns ; ee rrr 3 in 
Rear NAEP Steak koes : 2-1/2 in 
Station Wagon (Front) ‘ Di 
Station Wagon (Rear) .. 2-1/2 in 
BRAKE LINING ; - jed and Moulded 
estos Bonded 
LENGTHS 
Front Primary ; 9-1/4 in 
Front Secondary , sateen sss sett 12-1/8 in 
Rear Primary 9-1/4 in 
Rear Secondary ee ye ee 12-1/8 in 
(HEAVY DUTY) 
Front Primary ; , ; 9-1/4 in 
Front Secondary : . 12-1/8 in 
Rear Primary . : 9-1/4 in 
Rear Secondary ; ; j 12-1/8 in 
Thickness — Secondary 1/4 in 
Thickness — Primary .. 3/16 in 
WHEEL CYLINDER 
Front Wheel Cylinder Bore (Drum) .. 1-3/16 in 
(Disc) 2-3/4 in 
Rear Wheel Cylinder Bore (including 
Disc Brake Equipped Vehicles) 15/16 in 
MASTER CYLINDER BORE (Drur.. or Disc) 1-1/32 in 
CHRYSLER-IMPERIAL MODELS Imperial 
TYPE vo Single Anchor 


DRUM DIAMETER 
(Heavy Duty) 


NUMBER OF BRAKE SHOES 4 
WIDTH 
Front Disc 
Rear 3 
(Heavy Duty Including Station Wagon) 
Front 
Rear 
BRAKE LINING 1 Asbestos- Bonded 
LENGTH 
Rear Primary 


Rear Secondary 


WHEEL CYLINDER 
Front Wheel Cylinder Bore (Disc) 


Hear Wheel Cylinder Bore 
MASTER CYLINDER BORE (Drum or Disc) 


Be 


5-82 SPECIFICATIONS 


VALIANT 


of Brake Fixed Caliper Disc 
Location Fy t Wheels Only 
aster Cylinder Reservoir { yntal Tandem (Dual) 
Prop tioning Valve Location Switch 
nbly) 


y 
srake Adjustment yne (Automatic) 


Residual Valve Location ‘'s n Master Cylinder Outlet (to rear 


brakes only 


CALIPER ASSEMBLY 

e and Lining Removal 

yVumber of Pistons 

Piston Diameter 

Piston Bore Diameter Shas 
Maximum Allowable (After Honing) 


p 


r 


ston Seals Oulded Rubber (° 


hy 190 
Wide, 00 
Piston Dust Boots xternal Moulded Rubber 


r Unit 
RI 


Bleeder Screw Location Outer Housing 3/8” 
Transfer Tube Type Short Overhead 


BRAKING LISC 
Type 
Diameter Outside 
Inside 
Disc Runout (Maximum Allowable) T.1.R 
Disc Surface Finish cro Inches 


Dise Thickness : ‘ 
Disc Parallelism (Total Variation in Thickness) 


BRAKE SHOE AND LINING 
Type 
Lining Thickness 
Width 
ength 
aking Area 
Maximum Wear (Minimum Thickness Allowed) ot less than 1 
nt Iminimum st 


¥g thickness of 180’ 


MASTER CYLINDER 

Piston Bore Diameter 

Maximum Bore Diameter Allowable (After Honing) 
Residual Valve 


DISC SPLASH SHIELD 
Type 
Mountit.g 


PROPORTIONING VALVE 
Type 
Picks 


Reduction in Rate of Rear Line Pressure Build 
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IMPERIAL CHRYSLER FURY SATELLITE BARRACUDA 


Type of Brake 

Location 

Master Cylinder 
Metering Valve Location 


Proportioning Valve 


(Satellite, Barracuda,Fury, Imperial ( Except Suburban ) 


Brake Adjustment a sea Li 
Residual Valve Location (Rear Brakes Only) 
CALIPER ASSEMBLY 
Shoe and Lining Removal 
Number of Pistons 
Piston Diameter 
Piston Bore Diameter 

Maximum Allowable (After Honing) 
Piston Seal 


Dust Boot 


Bleeder Screw Location 
BRAKING DISC 
Type 
Diameter (Outside) 
Fury-Chrysler-| mperial Models 
Satellite—Barracuda Models 
Diameter (Inside) 
Fury—Chrysler—Imperial Models 
Satellite. Barracuda Models : ; 
Disc Run-out (Maximum Allowable) T.1.R 
Disc Surface Finish 
Dise Thickness 
Fury-Chrysler Imperial Models 
Satellite--Barracuda Models F 
Disc Parallelism (Total Variation in Thickness) 
BRAKE SHOE AND LINING 
Type 
Lining Thickness 
Wide 
Long 
Braking Area 
Maximum Wear (Minimum Thickness Allowed . 


MASTER CYLINDER 

Piston Bore Diameter 

Maximum Bore Diameter Allowable (After Honing) 
Residual Valve 

DISC SPLASH SHIELD 

Type 


Mou ting 
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SPECIFICATIONS 5-83 


Floating Caliper 

Front Wheels Only 

Horizontal Tandem (Dual) 

Below Master Cylinder, Combined 

with Brake Warning /Proportioning Valve 


Belov. Aaster Cylinder, Comoined 
with Brake Warning/ Metering Valve 
None Required 

Im Master Cylinder Outlet 


Bottom, Caliper Removed 
1 Each Unit 
2-3/4" (2.751°-2.753"") 


2.757” 
Moulded Rubber (Square Section) 
126°’ Wide—120” Radial Thickness 
Moulded Rubber (External) 
1 Per Unit 
Inner Housing 3/8” 


Ventilated Cast tron 


11.78” 
10.98’ 


15 to 80 Micro Inches 


1.250-1.240 
1.000-1.010 
0005" 


Bonded 

400” (Nominal) 

1.80" (At Center) 

6.02" 

10.0°' (Square inches per pad) 

Not less than .030”’ lining at any 
point or a minimum shoe aiid lining 
thickness of .230 Inch 


1-1/32" 
002” 0.S 
Rear Brakes Only 


Vented-Stamped Steel 
3 Bolts to Knuckle 


3-84 SPECIFICATIONS 


TIGHTENING REFERENCE 


HYDRAULIC BRAKE LINES 
Brake Line Tube Nuts, 3/8 or 7/16 
1/2 or 9/16 
Flexible Brake Hose 
To Brake Line Tubes (All) 
To Brake ‘‘T” (Rear) . 
To Wheel Cylinders (All) 


MASTER CYLINDER 
Master Cylinder to Dash Panel or Booster 
front cover 


Master Cylinder Pedal Link Bolt 


POWEP BRAKE 
Power Brake Assembiy .o Dash 
Power Brake Brace and Support Nuts 
(Small Tandem Diaphragm) 
Lower Pivot Certain Models, See Text 


WHEEL CYLINDERS 
Wheel Cylinder to Support Plate 9” Brake 


Wheel Cylinder to Support Plate 10” and 11” Brake 


BRAKE SUPPORT PLATE 
Front (To Steering Knuckle) 
Except Vali int, Top atta hing bolts 
Bottom attaching bolts 
Vahiant, Top attac hing bolts 
Bottom attaching bolts 
Rear (To Axle Flange) 
All 


WHEEL BEARING NUT 
Ail except Valiant (Wheel rotating) 
Valiant (Wheel rotating) 


WHEEL STUD NUTS 
All except Valiant 


Valiant 


DISC BRAKE (FIXED CALIPER) 
Caliper Mounting Bolts 
Caliper Assembly Bridge Bolts 
Dise Splash Shield Bolts 
Caliper Bleeder Screw 
Shoe Clips (Retainers) 
Proportioning Valve to Frame Screw 


DISC BRAKE (FLOATING CALIPER) 
Adapter Mounting Bolts 
Guide Pins 
Disc Splash Shield Screws 
Proportioning Metering Valve Assembly 
to Frame Screw 


E-903 


Foot Pounds 


75-100 


25 - 35 


Inch Pounds 


80-150 
125-175 


80-150 
200 


80-200 


150-220 


100 - 200 


220 


90 
70 


220 
100 


180 


220 


200 


SPECIFICATIONS 5-85 


BRAKE EQUIPMENT APPLICATION CHART 


FRONT REAR 
DISCOR ORUM CONTROL 
_ORUM SIZE SIZE SWITCH/VALVES 


VALIANT 
All 6 Cyl. Except Manual Trans 
with Sure Grit 9x2-1/2 9x2 Brake Warning Switct Manua 
All 6 Cyl. with Sure-Grip and 


Manual Trans./All & Cy! 10x2-1/4 10 1-3/4 Brake Warning Switcr Manual Power 
Optiona! All Disc 10x 1-3/4 Brake Warning/Proportioniig ot. Powe 


Assembly 


BARRACUDA 
A 10x2-1/2 10x2-1/2 Brake Warning Switct Manual Only 
Optional All Disc 10x2-1/2 Brake Warning/Proportioning Power Only 
Metering Assembly 


SATELLITE (Except Suburban) 
A. with 225, 318, 400 2BBL or 400 
4BBL Engines (Except Police 


Mode!s or Road Runner) 10x2-1/2 10x2-1/2 Brake Warning Switct Manual Only 
Optional, All Above-Standard with 

440 Engine, Taxi, Police Models 11x3 11x2-1/2 Brake Warning Switch Manual Only 
Jptional All, Except Police, Taxi 

Not Available 3.54, 3.55, 3.91 

410 Axle Ratio Disc 10x2-1/2 Brake Warning/Proportioning Power Only 


Metering Assembly 

Jptional All Standard with 
Trailer Tow Disc 11x2-1/2 Brake Warning/Proportioning Power 
Metering Assembly 


SATELLITE BURBAN- ALL 1x3 11x2-1/2 Brake Warning Switch Manual Only 
Optional Disc 11x2-1/2 Brake Warning/Metering Power Only 
Assembly 


FURY (Except Suburban) 
All 318, 360, 400 2BBL Engine 11x2-3/4 11x2 Brake Warning Switch Manual Only 
All 400 4BBL, 440 Std. Engine 

Note. All Models 400 2BBL 


and Sure Grip 11x2-3/4 11«2-1/2 Brake Warning Switch Manual Only 
Police, Except 440 H.P., Taxi 1x3 11x2.1/2 Brake Warning Switch Manual Or 
Optional with 318, 360 and 400 

2BBL Engine Disc 11x2 Brake Warning/Proportioning Power Only 


Mete: .ng Assembly 
Standard with Trailer Tow, 440 
H.P. Engine Optional, Police 
Taxi, 400 4BBL and 440 Std 
Engine. Note: All Models with 
400 2BBL Engine and Sure-Grip Disc 11x2-1/2 Brake Warning/Proportioning Power Only 
/Metering Assembly 


FURY SUBURBAN 


With 318, 360 Engine 11x3 11x2-1/2 Brake Warning Switch Manual Only 
With 400 2BBL, 400 488' Engine 
Optional with 318, 360 Engine Disc 11x2-1/2 Brake Warning/Metering Power Only 
Assembly 


11x 2-1/2 Brake Warning/Proportioning Power Only 


CHRYSLER (Except Suburfans) Disc 


/Metering Assembly 

“HRYSLER SUBURBAN Disc 11 «x 2-1/2 Brake Warning/Metering Power Only 
Assembly 

IMPERIA and Sure Brake) Disc 1x3 Brake Warning/Proportioning Power Only 


(Metering Assernbly 


